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contained in six volumes:















Volume III—~Lake Michigan basin
Volume IV ——Lake Huron basin
Volume V ~—Lake Erie basin








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    
      
       
   
    
  
  
        
   
   
   
  
     
 
     
     
  
   
  
  
   
   




The Great Lakes Water Quality Agreement, with Annexes and Texts
and Terms of Reference Between the United States of America and Canada,
signed at Ottawa on April 15, 1972, included a reference to study pollu-
tion in the Great Lakes System fromagricultural, forestry, and other
land use activities. The reference asked that the study assess whether
the boundary waters of the Great Lakes System were being polluted by land
drainage and if so, what remedial measures would provide improvements in
controlling pollutants from land usage. The need for better definition of
the impact of land use activities, practices and programs on water quality
in the Great Lakes area had become increasingly magnified. Through the
Agreement, both the United States and Canadian governments requested the
International Joint Commission to investigate land use activity impacts
upon the Great Lakes. Accordingly, the International Reference Group
on Great Lakes Pollution From Land.Use Activities was established in
December, 1972, and produced a detailed study plan (February, 1974and
updated with the detailed study plan supplement August, 1976) outlining
an intensive study, scheduled for completion in 1978.
 
The final report will consist of study conclusions and recommendations
by PLUARG to the International Joint Commission.
 
Detailed Study Plan,7February,1974
The study plan emphasizes four main tasks:
Task A: To assess problems, management programs and research
and to attempt to set priorities in relation to the best information now
available on the effects of land use activities on water quality in bound—
ary waters of the Great Lakes.
Task B: Inventory of land use and land use practices, with emphasis
on certain trends and projections to 1980 and, if possible, to 2020.
Task C: Intensive studies of a small number of representative water—
sheds, selected and conducted to permit some extrapolation of data to the
entire Great Lakes Basin and to relate contamination of water quality, which
may be found at river mouths on the Great Lakes, to specific land uses and
practices.
Task D: Diagnosis of degree of impairment of water quality in the
Great Lakes, including assessment of concentrations of contaminants of
concern in sediments, fish and other aquatic resources.
PURPOSE
né
Background information on characteristic Basin properties such as
land use and related materials usage, physical fabric, climate, population
and related socio-economic data is required
for developing the land use
and water quality relationships and providing a foundation for assessment
5
of trends in land use patterns and practices.
Towards these ends the
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 bluff areas are exposed and during high lake levels are particularly
vulnerable to erosion. The most widespread influence from riverbank
erosion is the downstream effect on water and related land resources.
Additional sedimentation, nutrients and contaminants can enter the water.
The water pollution problems associated with intensive livestock
operations are those due to runoff from land used for animal production.
The states surrounding Lake Michigan contain many large livestock opera-
tions. The major drainage from lands containing livestock operations
enters Lake Michigan from Wisconsin and southwestern Michigan.





















homes are more frequently found in the northerly planning


















general aesthetic environment. Distinct contrasts occur in recreational
















































































































































































































































































































































































































areas. A third component, although relatively modest in nature, is the























































The Lake Michigan basin is projected to remain at about the national
income-per—capita ratio. The specific mix of economic sectors are not


















expected to decline in importance.

 PHYSICAL FABRIC
LAKE MICHIGAN BASIN CHARACTERISTICS
The Lake Michigan drainage area extends from just north of Chicago,
north through Wisconsin and Michigan's Upper Peninsula to the Straits of

























































































































































































The Lake Michigan basin lies entirely within the eastern lake section
of the central lowland physiographic province. Several glaciations during the
Paleozoic era have resulted in a gently rolling to hilly terrain over the
basin. The northern portion of the basin does, however, contrast sharply with
the southern part in several respects. Most of lower Michigan and southern
Wisconsin has relatively low rolling relief derived from morainal deposits.
Northward, particularly in upper Michigan, bedrock crops out and forms a more
rugged relief. Elevations exceed 580 meters (1,900 feet) in a few isolated
bedrock peaks in Wisconsin and upper Michigan, but generally the land surface
in the basin is less than 300 meters (1,000 feet). A long narrow prominent
escarpment extending from Michigan's Garden Peninsula, through Wisconsin's
Door Peninsula, to south of Lake Winnebago is formed by the exposed crest of
a dolomite formation.
Glacial deposits cover the basin and create much of the relief.
The morainic system, particularly the end moraines forming large lobate or
arcuate ridges, dominate the basin landscape. The intermorainal areas are
relatively flat and contain numerous bodies of water and wetlands. Low—
lying flat areas of glacial lake origin rim much of Lake Michigan shores.
In addition, the Fox River valley of Wisconsin, the Chicago area, and much
of upper Michigan are underlain by vast areas of glacial-lake beds. Fine
grained glacial lake deposits with low permeability cover much of the shore—
line of Lake Michigan. However, the western shore of the lake south and
east of Green Bay, and parts of the eastern shore, are not covered by glacial



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































,northwestern Michigan section of the basin while stone and sand and gravel
are principal minerals in most of the basin. Oil, gas, salt, and gypsum
deposits occur primarily in Michigan. Marl is also found in scuthern
Michigan and norfffrn Indiana. Northern Illinois produces peat in signifi—
cant quantities.
Any impacts on water quality occur generally at the time of
extraction of the minerals. Pollutants include sediment, which may enter
surface waters, and dissolved salts, which may enter both surface and ground




Due to the latitudinal differences, meteorological conditions and
location with respect to the Great Lakes, the climate of this basin varies
from a semi-marine to a continental classification.
The Lakes act as a vast reservoir for the storage and subsequent
exchange of heat energy with the atmosphere, and can significantly alter the
climate over adjacent.land areas. In general, the moderating effects of
Lake Superior and Michigan are felt in all portions of this basin, with the
shoreline counties in Michigan the principal beneficiaries. This effect is
best illustrated by comparing locations of similar latitudes in Wisconsin
(windward side) and Michigan (leeward side). The locations in Michigan will
have more moderate temperatures, more winter precipitation, and less sunshine,
largely due to the presence of Lake Michigan. This moderating effect is
reflected in the large number of fruit orchards along the eastern shore of
Lake Michigan.
Summer temperatures are typically cooler and less humid along the
shores of the lake, while during the winter these areas are warmer than those
inland. Temperature means for the basin range from the mid 20°C (mid 70 F)
for shore areas during the summer to 2°C (20°F) to around —12°C (10°F)
for shore and inland areas respectively during the winter months. The
growing season is also affected by the lake and varies from 180 days
along the shore to 60 days for inland areas.
Annual precipitation is well distributed throughout the year with
a basin average of about 78 centimeters (31 inches). This ranges from 71
centimeters (28 inches) in eastern Wisconsin to 91 centimeters (36 inches)
in northern Indiana. The variation in snowfall is very wide, ranging from
nearly 250 centimeters (100 inches) common in the northern Lower
Peninsula of Michigan to 76 centimeters (30 inches) in the Illinois portion
of the basin. More than 1/2 of the annual precipitation which falls over
the land basin is lost through evaporation. Precipitation is the most
significant input to Lake Michigan, affecting both the water quality and the
water budget. Rain and snow may absorb pollutants in the atmosphere and
contaminate the water. Precipitation is sufficient in this lake basin to
permit leaching from solid waste disposal sites in the cool climate of
the northern section.
Ice cover on Lake Michigan can affect climatic conditions. The
ice creates a barrier between the atmosphere and the relatively warm water.
As a result the lake effects on the climate are diminished. This creates




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The frequency of floods is quite low on the streams, with the
greatest likelihood of flooding in late winter or early spring.
Mild drought
conditions are not uncommon with severe conditions being infrequent and
generally of short duration.
A number of reservoirs also exist on the streams of this basin
area. As of 1974 there were eleven reservoir sites over 200 hectares (500
acres) that had a total surface area of 9,529 hectares (23,545 acres).
Smaller reservoirs less than 200 hectares (500 acres) also exist and total
to 463 sites.
Surface water acreage of rivers, lakes, and embayments in the
basin is estimated at over one million acres. This includes over 6,000
inland lakes estimated to cover over 323,760 hectares (800,000 acres). Lake
Winnebago in east central Wisconsin is the largest inland lake in the basin
at 55,700 hectares (137,600 acres) in size.
The Lake Michigan basin has an abundant supply of surface waters



























































































































































































































































































































































































































































































































































































































potential contamination source to the overlying aquifer. Unwise test—drilling
and ground water development practices could result in contamination.
The problem of excessive lowering of water levels has occurred in
several areaswhere increased pumpage or additional construction of wells
has taken place. In addition to the heavily pumped Chicago area, the Green
Bay, Lansing and Milwaukee areas are the major regions that have faced, or
are facing, this problem.
Pollution and contamination of aquifers has occurred and is a
constant potential problem. The area of carbonate rocks under a thin
surficial cover is particularly subject to pollution from waste disposal.
Contamination of aquifers has occurred from unrestricted drilling and well-
construction practices in areas of saline or poor—quality aquifers. This
area needs enactment and enforcement of sealing and plugging all abandoned
wells and test holes to stop quality deterioration.
Vegetation Zones and Wildlife Habitat
Lake Michigan and its extensive drainage basin encompasses wide varia-
tion in vegetative and climatological situations. The basin's northern
extremities are forested with a spruce-fir biome on both sides of the lake,
but going south in Wisconsin the forest cover begins to change and gives
way to agricultural lands at the Green Bay latitude. In Michigan the forest
vegetation extends further south to approximately the Muskegon—Clare midland
line. Land around the southern top of the lake (exclusive of urban areas)
is completely agriculturalized, with little tree cover remaining in Indiana
and Illinois.
Wildlife species in the basin's northern areas are the same as those of
Lake Superior basin with the exception of the timber wolf and moose, which are
very rare. The black bear is found throughout the northern region. 'Further south
the wildlife species become less specialized. Farm game such as the ring-
necked pheasant, cottonrtail rabbit, gray and fox squirrel and big game
such as the white-tailed deer and black bear are common.
Planning Subarea 2.4 contains a pocket of prairie chicken habitat which
supports a low population of these rare birds. Another rare species found
in Planning Subarea 2.4 is the Kirtlands warbler which nests in a special
habitat niche in young pine forest lands. Bald eagles and ospreys, which
used to be common in the Green Bay area and in the islands and bays on the
opposite side of the lake, are becoming less common but are still present
seasonally. Remaining waterfowl marshes in the Green Bay area supportnesting
and loafing waterfowl. Significant waterfowl marshes exist in the Fox and
Wolf River drainages and at Seney, Michigan. Small waterfowl marshes also
exist at river mouths around the lake.
Degraded habitat in the urbanized southern basin supports little wild—
life. However, someparadoxes occur here. Large flocks of resting waterfowl
are to be found off the Gary Steel complex during the fall. City parklands
and forest preserves support small populations of rabbits, squirrels, fur-
bearers, and numerous species of songbirds. These animals and birds are
just as important as the wilderness species because they provide recreation
and outdoor enjoyment right in the urban areas.
14
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 Demographic and Economic Characteristics
Population
The Lake Michigan basin had the largest population of the five
basins in 1970, about 46 percent of the Basin population. The population
density of 114 persons per square kilometer (296 persons per square mile)
is the greatest in the Great Lakes Basin.
Out of the 86 counties located in the Lake Michigan basin, four
of the counties-—Cook in Illinois, Milwaukee in Wisconsin, Lake in Indiana,
and Kent in Michigan-~have 56 percent of the total population. The 1970
population census showed 11,187,000 persons, or 82 percent of the area's ( )
total population of 13,516,000, living in urban areas, including 13 SMSA's.
The basin has a distinct contrast in population distribution. The
southern half is highly urbanized and also highly diversified in agricultural
activities. The northern half is largely devoted to development and utili-
zation of recreational resources. Nonresidents significantly swell the
population of the northern portion during the hunting and vacationing
seasons. Better means of transportation and rising incomes have increased
resort and second home seasonal use and added significantly to the part-time
residents in the area. Snowmobile use attracts people to stay in the area
for extended times during the winter.
Resource Use and Development
 
The northern basin is characterized by aneconomy dependent upon
forest and mineral resources, specialized agriculture along the lake shores,
and heavy reliance upon year-round recreation. A widely diversified manu-
facturing trade and service, and agricultural economy characterizes the
southern basin. The Lake Michigan basin is a major contributor to the
nation's value added in manufacturing.
Despite its preeminence in industrial and manufacturing activity,
agricultural and forest production are also very important in the Lake
Michigan basin. In 1969 the value of all farm products sold in the region
reached almost $1.2 billion, about 44% of the entire Great Lakes agricultural
crop value.
The shoreline of Lake Michigan is one of the area's most important
resources. The total shoreline length of Lake Michigan is 2,191 kilometers
(1362 miles). It is distinct from the other Great Lakes in that it is the
only Great Lake which extends from north to south. Because of this north-
south configuration, it is the most significant transportation
barrier in the Midwest. Lake Michigan contains the largest embayments of
any of the Great Lakes, and has the least number of islands and island
groups, all of which are located in the northern one—third of the lake.
With the exception of the Upper Peninsula of Michigan and some
portions of northern Wisconsin and the northern Lower Peninsula of Michigan,
the Lake Michigan shorelands are utilized quite extensively for residential,
commercial, industrial and recreational developments, and for agriculture
as shown on the following figure. Many major urban centers are situated along
the shoreline including Chicago, Illinois, Milwaukee and Green Bay,
Wisconsin, Hammond, Whiting and Gary, Indiana, and Muskegon, Michigan.
The greatest single shoreland use of Lake Michigan is residential
development, both of a seasonal and permanent nature. Residential develop—
16
 ment on Lake Michigan accounts for a total of 743 kilometers (461.6 miles)





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































LAND USES IN THE LAKE MICHIGAN BASI§°rest
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From this line northward, including the Upper Peninsula of
Michigan, the shorelands become less developed,with agricultural and forest
lands predominating.
LAKE MICHIGAN SHORELINE USE AND OWNERSHIP-1970(6)
(in miles)
 
Uses Wisconsin Michigan Illinois Indiana Total
Residential 148.9 292.2 15.0 5.5 461.6
Commercial and industrial 12.9 24.7 10.5 21.8 69.9
Public lands and buildings 8.8 3.5 8.0 0.6 20.9
Agriculture and undeveloped 103.8 176.1 0.6 0.1 280.6
Recreation 54.4 58.5 30.9 17.0 160.8
Wildlife preserves 18.2 0.0 0.0 0.0 18.2
Forest lands 60.0 290.0 0.0 0.0 350.0
Ownership
Federal 0.0 13.0 3.1 9.3 25.4
Non-Federal public 75.2 100.2 35.8 8.7 219.9
Private 331.8 731.8 26.1 27.0 1,116.7
Total shore miles 407.0 845.0 65.0 45.0 1,362.0
To Convert From Lg; Multiplz BX
Miles (mi) Kilometers (km) 1.609
PLANNING SUBAREA 2.1
 
Planning Subarea 2.1 lies in the northwest portion of the Lake Michigan
subbasin in the States of Michigan and Wisconsin.
It includes four river











The planning subarea includes three counties in Michigan and twenty-one
counties in Wisconsin.
20
Following is a table and map describing the area.
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This area is rolling to hilly, with moderate relief, but with some
isolated hilly to mountainous areas of high relief in Iron and Dickinson
Counties, Michigan. The average elevation is approximately 60 meters (200 feet)
above sea level, with the mountains reaching up to about 610 meters (2,000 feet).
Drainage is generally from northwest to southeast, but the Fox River in its

















































































































































































contain sand and gravel, clay, and peat deposits.
22
 Soils and Topography(7)
 
The northern part of Planning Subarea 2.1, extending north from
Green Bay, consists primarily of sandy and loamy reddish drift soils on
uplands and plains. Rock outcrops and shallow to bedrock soils occur.
Soils with fragipan and organic soils are common.
South of this area, extending to the southern end of Lake
Winnebago on the west, with a narrow strip along Lake Michigan are clayey
and loamy reddish drift soils on uplands and plains. Organic soils are
common.
Along the eastern side of Lake Winnebago and extending south are
loamy and clayey upland soils. Organic soils and bedrock escarpments occur.
Soil associations are shown in Figure 7. Some soil character-
istics that are important in identifying and locating potential pollution
problems resulting from land use activities are shown in Table 5.
23
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medium to moderately coarse textured, well to
moderately well drained, moderately to slightly
acid soils overlying calcareous sandy till on ‘





















Moderately coarse to gently sloping to moderately
steep (3-181 slope), co
arse textured, well to
poorly drained, strongly to medium acid soils
formed on sandy moraine














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































moderately fine textured, well to poorly drained,
_
strongly to slightly acid soils developed
Oshkosh silt loam clay
clay
weiﬁli mod. 0.06 0.2 0(11_0.24 _43 high







































medium to moderately coarse textured and organic,
well to very poorly drained, strongly to slightly Horrie Silt 10am Si'CI‘loam sandy 103m "911






acid soils developed on outwash, and till plains
Elderon






















medium textured, somewhat poorly to poorly drained,
silt
moderately acid to neutral soils formed on clay






























Nearly level to gently sloping











textured, well to somewhat poorly drained,









moderately deep glacial till over bedrock.
75
Nearly level to sloping (0—122 slope), coarse
Granite
NOT KPPLICABLE






















77 Nearly level to sloping (O—IZZ slope), medium to Goodman silt loam silt loam sandy 10a well
0.6—2.0 0.12—0.22 .32 high









very poorly drained, medium to very stro gly
well





Elderon sandy loam sandy loam gravel, well 0.6—2.0 0.12—0.15 .32 medium
sandy loa
Adolph 911: loan s





ry poorly 5.0—20.0 0.5
.17 low





























































































5.0-10.0 0.04—0.08 .17 low
“1/
Organic muck muck muck very poorly5.0-20.0 0.5 .17 low
80 Nearly level to steep (0—18Z slope), coarse to Iron Rivel loam sandy loam sandy loam well or mod 0.2—2.0 0.10—0.18 .32 medium *ragipana/
medium textured and organic, well to very poorly
well
drained, slightly to very strongly acid soils
formed on outwash and £111 plains and moraines. Elderon sandy loam sandy loam gravel, well 0.6—2.0 0.12—0.15 .32 medium
sandy loam
Vilas sand sand sand well 5.0-10.0 0.0A—0.08 .17 low



























coarse to moderately coarse textured, well drained,
gravel
slightly to medium acid soils formed on stream









































medium to strongly acid













































































































acid soils formed on outwash plains, stream
Onamta














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































moderately coarse to me
dium textured and organ
ic,
moderately well to very poorly drained, medium
acid to mildly alkaline soils formed on lake
and outwash plains.
Nearly level to gently
sloping (2—6Z slope),
moderately coarse to c
oarse textured, well an
d
somewhat poorly drained, stongly acid to neutral















strongly to medium acid
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ll Expressed as a ratio — same in metric form 39 convert From :2 MUlti 1 B
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The mineral commodities produced in the 20 Wisconsin and 3 Michigan
counties which comprise PSA 2.1 include iron ore, sand and gravel, shale,
and stone (limestone, dolomite, granite and basalt). From 1960 to 1968,
sand and gravel, and stone production recorded moderate increases in output
and value while the remaining commodities declined in both output andvalue.
A total of 155 mineral operations were active in 1968. Menominee
County, Wisconsin had no mineral operations while all remaining counties had
sand and gravel pits, 15 counties had stone quarries, 2 counties had iron
ore mines, and one county had a shale pit. Land requirements for extractive
minerals totaled 560 hectares (1,380 acres). Iron ore production, including
nonmineral bearing surface lands, required 485 hectares (1,200 acres). Sand (1)
and gravel required 55 hectares (140 acres), and stone 20 hectares (40 acres).
The problems associated with mineral production in PSA 2.1 are
relatively limited at the present time. However, periodic surveys of the
water use patterns of the mineral industry are recommended to keep abreast




Planning Subarea 2.1 contains 158,320 hectares (391,200 acres) of
surface water in the form of lakes, ponds, rivers and streams. The major
river systems include the Escanaba and Ford Rivers in Michigan, and the
following rivers in Wisconsin: Pine, Menominee, Pestigo, 0conto, Fox, Wolf,
and Little Wolf. Runoff averages 25 to 38 centimeters (10 to 15 inches)
annually, generally increasing from south to north. The following table
indicates the size of drainage area, average daily discharge for represen-
tative rivers in PSA 2.1. On the whole the rivers have a slightly higher
concentration of dissolved solids than rivers to the west and north of the
planning subarea, and their waters are moderately hard.
Planning Subarea 2.1 also contains 1,695 lakes that total more
than 121,410 hectares (300,000 acres) of Surface water. Reservoir sites
are also included in the surface water hydrology, and this region has two
existing sites. They are both on the Michigamme River and total 4,110
hectares (10,160 acres) with 189,820 cubic meters (153,950 acre—feet) of
storage capacity. One hundred and seventeen smaller reservoirs (less than
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Table 6
FLOW CHARACTERISTICS AT SELECTED STATIONS(8)
Monthly Mean Annual Mean
Period Drainage Average Discharggg, Discharge
of Area Discharge Mathum Minimum Maximum Minimum




Ishpeming, Mich. 1954—73 128 141 745 16.1 239.1 80.7
East Branch Escaneba
River at Cwinn, Mich. 1959‘73 124 105 592 22.0 198.7 57.4




Hyde, Mich. 1954-67 450 553 2,480 34.8 640.0 183.3
Brule River near 1914-16 389 355 1,240 174.0 450.1 232.2
Florence, Wis. 1944-72
Pine River at Pine
River Power Plant
near Florence, Wis. 1923-72 528 ‘27 2,130 74.5 657.8 210.3
Menominee River near
Pembine, Wis. 1949—72 3,240 2.965 12,100 1,200 4,318 1,877
Pike River at
Amberg, Wis. 1914—70 253 216 1,020 78.1 344.4 133.4
Peshtigo River at
High Falls near
Crivitz, Wis. 1912-57 554 475 1,930 60.2 708.1 256.4
Peshtigo River at
Peshtigo, Wis. 1953—72 1,124 889 4,640 285.0 1,518 591.1
Oconto River near 1906-09 678 575 3,430 158 899.8 315.5
Gillett, Wis. 1913—72
Fox River at
Berlin, Wis. 1893:72 1,430 1.075 4,200 311 1,623 559.1
Wolf River above West '
Branch, Wolf River,
Wis. 1927—62 633 569 1,890 235 840 390
Wolf River at Keshena
Falls, Wis. 1907—72 812 756 2,530 294 1,109 510
Embarrass River near
Embarrass, Wis. 1919-72 395 237 1,890 44.5 478.3 126.3
Wolf River at New
London, Wis. 1896—72 2,240 1.710 9,170 429.0 2,810 865.5
Little Wolf River at
Royalton, Wis. 1914-70 514 396 2,230 94.8 628.3 197.1
Waupaca River near
Waupaca, Wis. 1916-66 272 236 615 111 299 159.6














































































Planning Subarea 2.1 covers a diversified area, ranging from a
sparsely populated, forested northern portion typified by a wild rivers
region, to the urbanized industrial development of the lower Fox River and
southern portions of the planning subarea. Both natural and man-made problems
impact on ground water rescurces.
The Green Bay, Wisconsin area had a problem of declining water levels
in the sandstone aquifer system. Increasing pumpage in this highly indus—
trialized area probably will repeat the declining water level trend of the
pre—l957 period. Increasing pumpage in the Lake Winnebago area also is
creating increasing pumping lifts. Proper well spacing of new wells and
increased use of surface water should forestall rapid declines in this area.
In much of the area where the Silurian carbonate aquifer lies close
to the surface, such as in Door County, pollution of the shallow ground water
is occurring. Wisconsin drilling codes now require 30 meter (lOO—foot) cased
wells in such problem areas of shallow carbonate bedrock in Door County.
Improved methods or types of private waste-disposal systems are needed to
protect aquifers in this and other similar situations.
Saline water is present in the sandstone aquifer, generally near
the bottom of the aquifer and in the eastern counties. At Lake Winnebago and
to the east the poor quality water, including a high sulfate content, is at
relatively shallow depths and inhibits construction of fresh—water wells.
Migration of poor quality water toward pumping centers is occurring. Highly
mineralized water in the dolomite aquifer at Manitowoc and Sheboygan apparently
comes from deep sandstone zones under high hydrostatic head, but hasmigrated
through open wells into the upper aquifer. Wisconsin state codes now prohibit
abandonment, without proper filling and sealing, of all holes including saline
wells, but some old "leaking" wells are believed to have caused significant
local deterioration of fresh-water aquifers. Continued surveillance of proper
well—abandonment procedures is imperative.
Ground water with a high sulfate content and reportedly "sulfur"
water is present in Marinette and Menominee Counties and at one location in
Door County. Apparently the sulfur (probably hydrogen sulfide gas) water
occurs locally in only the upper unit of the Cambrian-Ordovician aquifer in
southern Menominee County. In contrast, the high-sulfate water occurs in
both the sand and gravel and the bedrock aquifers in Menominee and Marinette
Counties. Sulfate content in the Silurian aquifer at a Door County site is
unusually high also.
Hard water in all the aquifers and locally a high iron content of
the water in the sandstone and sand and gravel aquifers generally are problems.
Individual softening treatment as desired for reducing hardness seems to be
a solution. Iron treatment generally is mandatory for municipal supplies
and for some industrial uses.
Water quantity is a general problem only in the Upper Menominee
River basin where reported well yields in much of the area less than 38 liters
per minute (10 gallons per minute). Streamflow data show a high base flow
which implies significant water storage in the basin. Well fields have to
be selected with care in this area in order to tap the sand and gravel aquifers
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CHEMICAL QUALITY CHARACTERISTICS OF THE MAJOR AQUIFER
SYSTEMS IN PLANNING SUBAREA 2.1(9)
(Numerical ranges represent typical values and
do not include unusually high or low values)
Total
diuolved Temper-
Aqutfar Iyatu Hardnau Sulfate Chlorﬁde Iron loud- ature Remark-
(Is/l) (ms/1) (Ins/1) (ms/1) (mg/1) (‘5‘)
RIVER BASIN GROUP 2.1
Mi:h;gan
Quaternary 50-400 5-75 0-50 0-3 100-450 64-k9
Cambrian-Ordovician 150-350 10-70 5-60 0.2-8 200-900 147-69 High iron in deep eandltonu;
Menaninee County has lulfatc
over 1,000 mg/l In lower unit,
"sulfur" water in upper.
Wisconsin
Quaternary ’40-‘50 1-90 1-30 0-1.5 125-500 54 Host mineralizad In eastern thud.
Sllurian 90-500 5-250 1-30 0-2 250-600 4b-60 Saline in part in Manitovoc
County.
Canaan-Ordovician 70-350 0.5-90 2-125 0-]. 130—700 53'56 More highly mineralxzed, in m
in Brown and Calumet Countxaa
and along Lake Michigan share.
Sulfate over 600 ml], nae:
.glgnetgg tn middle unjt,






















































Typical ranges of unsustained





Leﬁ than 10 gpm 100-500 gpm
10-100 gpm More than 500 gpm
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Figure 11 GROUND WATER IN THE CAMBRIAN-ORDOVICIAN AQUIFER SYSTEM IN
PLANNING SUBAREA 2.1 (9) 42
Vegetation Zones and Wildlife Habitat
 
In Wisconsin, medium densities of farm game exist as compared to lower
levels further north. At the same time, medium and high densities of forest
game also exist here.
Population growth, hunting pressure from the Milwaukee—Chicago area,
and a reduction in the resource base underline the problems for wildlife
habitat in PSA 2.1. Loss of wildlife habitat from changing land use is as
much a problem in this planning subarea as it is elsewhere, except that
perhaps the value of the habitat is a little higher here. Agricultural
practices and the demand for rural home sites are having an adverse effect
on the quality of wildlife habitat in general, with the drainage of wetlands
having the most serious impact. Potholes and marshes in this area of
Wisconsin have the highest concentrations of migratory waterfowl in the
state, and the region ranks among the highest in number of breeding pairs of
ducks. These wetlands also provide excellent furbearer habitat. The
extensive fresh meadows and brush marshes contribute substantially to the
fact that Fond de Lac County regularly ranks among the top ten Wisconsin
counties in the harvest of ring-necked pheasants.
Pollution from agricultural pesticides will continue to be a problem in
sections of PSA 2.1, especially in the Door Peninsula where spraying of fruit
trees is extensive. Thermal pollution poses a potential problem in that
waterfowl may be enticed to winter if there is open water. Creation of this
unnatural situation may incur waterfowl losses.
Agricultural activities of large canning companies and muck farmers
cause problems in several ways. The canning companies lease large blocks of
land and then "clean farm" the area, removing fence rows and wildlife
"pockets". Muck farmers are in direct competition with the State of Wisconsin
for wetlands acquisition and use. On several occasions muck farmers have been
able to outbid the State and have acquired wetlands for farming purposes.
After these wetlands are drained, serious wind and water erosion problems
can be expected.




















working on methods to make it more effective and economical.
Demographic and Economic Characteristics
Population




















and about 7.4 percent of the population of the Lake Michigan basin.
The population is just over half urban, and the proportion will no








































































































































































































































































































































































































































































































































Huber Percent Land Area






































































































































































































































































































































































































































































































































































































































































































— Data on Menominee County, organized from parta of 0conto and Shavano Counties,
is included with Shawnno County data. Population of Menominee County in 1970














Misc. Small Grains 1.2 0.5
Corn for Grain 236.3 95.6
Corn Silage 305.2 123.5
Soybean 9.0 3.6
Dry E.D. Beans 0 0
Sugar Beets 0 O
Potatoes 26.4 10.7
Fruits 14.8 6.0
Comm. Vegetables 120.0 48.6
Comm. Sod 0.7 0.3
Alfalfa Hay 923.3 373.7
Clover & Timothy Hay 161.7 65.4
Cropland Pasture 266.0 107.6






































































Less than 100 Units
l] Current normal represents present yield estimates based on 1958—1972 averages
2/ Measurement is in thousands of acres or hectares





























BY INDUSTRY IN 1970, PLANNING SUBAREA 2,1(11)
1970
Population, midyear
Per capita income (1967$)
Per capita income Rel. (U.S. =l.00)
Total employment
Employment/population ratio
(in 1,000's of 1967$)
Total personal income
Total earnings










Food & kindred products
Textile mill products
Apparel & other fabric products
Lumber products & furniture
Paper and allied products
Printing and publishing
Chemicals and allied products
Petroleum refining
Primary metals
Fabricated metals & ordnance
Machinery, excluding electrical
Electrical machinery & supplies
Motor vehicles & equipment
Transportation equip., excl. mtr.
vehs.
Other manufacturing
Trans., comm. & public utilities
Wholesale and retail trade















































The area covers the southwest part of Lake Michigan and lies
within portions of Wisconsin, Illinois, and Indiana. Planning Subarea
2.2 includes seven counties in Wisconsin, six counties in Illinois, and










































Planning Subareas and River Basin Group area compare as follows:
  
PSA RBG
Hectares Acres‘ Hectares Acres
Illinois 972527 2401300 15795 39000
Indiana 483651 1194200 172530 426000
Michigan 0 0 42930 106000
Wisconsin 696721 1720300 332505 821000




















LAKE MICHIGAN SOUTHWEST PLANNING SUBAREA 2.2
































































° Chicago, Ill. 6,220,913 6,978,947
Gary-Hammond
Land use & water Area (1970) East Chicago, Ind. 573,548 663,367
(Acres)






















































































































































































































































    















The bedrock geology in Planning Subarea 2.2 includes formations
of the Precambrian, Cambrian, Ordovician, Silurian, Devonian, Mississippian,
and Pennsylvanian systems. The near—surface bedrock exposures contain
minable deposits of coal and stone as well as other mineral material such
as shale which may be extracted in the future. The Bedrock is largely
covered by a mantle of unconsolidated sediments of the Quaternary System.
These glacial and postglacial sediments contain deposits of clay, peat,
and sand and gravel. The extraction of all mineral materials is by
surface mining techniques.
$211.30 )
The northern part of Planning Subarea 2.2, on the west side of
Lake Michigan is similar to the southern part of Planning Subarea 2.1
and extends just south of the Wisconsin boundary. The soils are loamy
and clayey upland with inclusion of organic soils.
The soils around the southern end of Lake Michigan range from
sandy to clayey, well to poorly drained. A narrow band of sandy soils,
including sand dunes, rims the lake.
The well drained sandy sites in PSA 2.2 are used for fruit
production. The finer textured soils are used for general farming.
Soil associations are shown on Figure 13. Some soil
characteristics that are important in identifying and locating potential
pollution problems resulting from land use activities are shown in Table 13.
Minerals
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The increasing cone of influence, predominantly westward, now causes
groundwater to flow northwest from Indiana, west from Lake Michigan,
and south from Wisconsina—all from within the Great Lakes Basin. The amount
is not appreciable at present, but the problems of relocation or establishment
of new pumping centers, increased pumping lifts, depletion of water in
storages and potential migration of saline waters are of immediate
concern.
The salinity of groundwater is a problem in the southern part
of the area. Indiana has saline water in most of the bedrock formations,
with good quality bedrock water available only in the northwest portion of
the Silurian—Devonian aquifer. Elsewhere, saline water is present in the
deeper parts of the sandstone aquifer from the Milwaukee area south throughout
the planning subarea. Water in the unconsolidated aquifers is saline
in some parts of lower Michigan also.
Hardness and a high sulfate content of the water also are problems
in the shallow unconsolidated and Silurian—Devonian aquifers. Thecarbonate
rock causes high hardness throughout most of the area, whereas sulfate is
a local problem.
The Silurian—Devonian formations are exposed or are near the
surface at many places in the area. Contaminants from poor waste—disposal
systems can easily migrate into and through the solution channelsand
fractures of the dolomite formation. Careful evaluation of waste—disposal
sites is needed throughout the area to prevent pollution of the shallow
aquifer.
Management of the groundwater resources in Planning Subarea 2.2
seems imperative in this highly developed region. The following tables and
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Zone where aquifer has water
containing over 1.000 mg/l
dissol ved» solids
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The Lake Michigan shore also provides some wildlife benefits in
the form of waterfowl hunting, but public access is poor due to private
ownership of most of the shoreline. The acreage of public hunting lands
per licensed hunter is .25 (.10 hectare). Compounding the problems of lack
of opportunity and loss of open space is an increase in pollution,
particularly in the southern tip of Lake Michigan. Air and water quality
are so low that they sometimes constitute a direct hazard to the health and
well being of fish and wildlife, as well as the human population,
Demographic and Economic Characteristics
 
120911132122
Planning Subarea 2.2 includes seven counties in Wisconsin, six
counties in Illinois, and four counties in Indiana. This is the most highly
urbanized area in the entire Great Lakes Basin. This concentration of
people and industries lies on the hydrologic divide between Lake Michigan
and the Illinois River, which is part of the Upper Mississippi River Basin.
This megalopolis generates tremendous requirements for water and related land
resources. Not all purposes are compatible; for example, recreational ‘
development competes with industrial expansion for use of the Lake Michigan
shoreline.
The 1970 population of Planning Subarea 2.2 was 9,491,743 with
18.5 percent in Wisconsin, 73.5 percent in Illinois, and 8 percent in
Indiana.
Besource Use and Development
 






























































































































































































































































































Square Miles (sq I1)
10)
POPULATION DATA BY COUNTY<
Mr Percent Land
TOTAL POPULATION Urban Urban Area Sq
1940 1950 1960 1970 1970 1970' H1 1970
6,034,291 6,918,804 8,481,097 9,491,743 8,900,936 94.0 8,196
4,569,643 5,177,868 6,220,913 6,977,671 6,710,912 96.0 3,719
4,063,342 4,508,792 5,129,725 5,493,766 5,473,670 99.7 954
103,480 154,599 313,459 490,882 468,983 95.3 331
130,206 150,388 280,246 251,005 219,662 87.5 520
121,094 179,097 293,656 382,638 311,414 81.4 457
37,311 50,656 84,210 111,555 57,420 51.5 610
114,210 134,336 191,617 247,825 179,763 72.0 847
396,949 500,318 686,570 757,989 644,880 85.0 1,855
293,195 368,152 513,269 546,253 516,075 94.5 513
63,660 76,808 95,111 105,342 69,560 66.0 607
27,836 40,076 60,279 87,114 55,726 64.0 425
12,258 15,282 17,911 19,280 3,519 18.3 310
1,067,699 1,240,618 1,573,614 1,756,083 1,545,144 88.0 2,622
63,505 75,238 100,615 117,917 84,262 71.5 272
766,885 871,047 1,036,041 1,054,249 1,054,063 100.0 237
18,985 23,361 38,441 54,461 36,730 67.5 236
94,047 109,585 141,781 170,838 130,052 76.1 337
33,103 41,584 52,368 63,444 24,537 38.7 557
28,430 33,902 46,119 63,839 303028 47.0 429
62,744 85,901 158,249 231,335 185,472 80.2 554
To HEIElEIf1ﬁf~——ﬂu_.
Square Kilo-etern (sq kl) 2-59
Table 18









Misc. Small Grains 9.5
Corn for Grain 900.0
Corn Silage 138.3
Soybean 411.0













N. Improv. Pasture 30.5
Total Pasture 1/ 237.4
























































in thousands of acres or hectares


















Per capita income (19673) 4,135
Per capita income Rel. (U.S.-l.00) 1.20
Total employment 3,913,980
Employment/population ratio _4L
(in 1000's of 19675)
Total personal income 39,819‘026
Total earnings 32,755,005
Agriculture, forestry & fisheries 122.2543
Agriculture _




Crude petroleum & natural gas -
Nonmetallic, except fuels -
Contract construction 2’103'648
Manufacturing 11'565'836
Food & kindred products '
Textile mill products '
Apparel & other fabric products '
Lumber products & furniture '
Paper and allied products
Petroleum refining
Primary metals '
Fabricated metals & ordnance
Machinery, excluding electrical
Electrical machinery & supplies
Motor vehicles & equipment
Transportation equip., excl. mtr.
vehs. '
Other manufacturing ’
Trans.. comm. & public utilities 2,492,312
Wholesale and retail trade 5,863,370
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1 Nearly level to sloping (0-122 slope), medium




20 Nearly level to gently sloping (0-62 slope),
coarse to moderately fine textured, somewhat







strongly acid soils fo





25 Nearby level to gently sloping (0-61 slope),
acid to neutral soils formed on lake, outwash
and till plains and moraines.
 
medium acid to neutral soils formed on till plains
neutral soils formed on outwash and till plains
Nearly level to moderately steep (0—182 slope),
moderately coarse to medium textured and organic,
coarse to moderately fine textured and organic,

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































medium textured, well drained, slightly to
i
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textured, well to somewhat poorly drained,
























moderately fine textured, well to very poorly
y
2 0
0 16 0 18
32
high
drained, strongly acid to neutral 50118 formed Crosby silt 10am clay loam loam somewhat 0.06—0.20 0.15-0.24 .37 high
















15D Gently sloping to moderately steep (3—182 slope), Parr
silt loam clay loam loam
well
0.6-2.0 0.16—0.24 .32 high
medium textured, well drained, slightly to M1 1 11 1
medium acid soils formed on till plains and
. am
5 t oam clay loam loam
well
0.6-2.0 0.16-018 .37 high
moraines.
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FLOW CHARACTERISTICS AT SELECTED STATIONS (8)
     
Monthly Mean Annual Mean
Period Drainage Average Discharge Discharge















975 St. Joseph River at
Three Rivers, Mich. 1953-73 1,350 1,041 2,830 187 1,576 365
985 Fawn River near white
Pigeon, Mich. 1957—73 192 155 329 38 222 69
1015 St. Joseph River at
Niles, Mich. 1930—73 3,666 3,112 13,600 828 5,718 1,46‘
1025 Paw PawRiver at
Riverside, Mich. 1951—73 390 [:11 1,0140 158 600 270
1060 Kalamazoo River at
Comstock, Mich. 1932-73 1,010 820 3,020 235 1,387 369
1085 Kalamazoo River near
Ferudale, Mich. 1929-73 1,600 1,343 5,000 285 2,071» 737






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 Range is that of high—capacity wells
2/ Range is that of all wells
3/ Estimated
Michigan
      


















500 one, saline in
part
  
1_ Range is that of high-capacity wells
3/ Range is that of all wells
To Convert From 13 Hultiglz I! .§
Feet (ft) Meters (I) 0.3068
Gallons (gal) Liters (1) 3.785 7
5
Table 24 '
CHEMICAL QUALITY CHARACTERISTICS OF THE MAJOR AQUIFER SYSTEMS IN PLANNING
SUBAREA 2.3(9)
 
(Numerical ranges represent typical values and do not




Aquifer System Hardness Sulfate Chloride Iron Solids Temp. Remarks
(mg/1) (mg/l) (lug/l) (mg/1) (Ills/1) (°F)
melee
Quaternary 100-700 1—500 0-700 0-10 150—11001, 42—55

















































































Fahrenheit ( F) Centigrade (0c) 00-5/9 ( F 32)
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\‘7




     
Ca-l7ba DEPTH 28 FEET I
46 . . . . . . . .. . rrw r r r r EXPLANATION
a: 48 GROUND-WATER AVAILABILITY
N
g 50 ’ _ Typical ranges of unsustained
yields from 6-inch or larger
,9 52_ 4 diameter wells
,_
h]
t: 54» - .
5 . A . . . . . . . l . . l l l
1950 1955 1960 1965 1970
HYDROGRAPH
"°" Vlcmmr MAP %
SOIL: m nuts
==
     
100-500 gpm




Mcmgan we“ yields _

























































 Vegetation Zones and Wildlife Habitat
Fish and wildlife populations are varied and well distributed in the
basin because of the wide dispersion of small "habitat units." The graSS_
land, brushland and woodland habitats occur as small units interspersed with
water bodies and waterways. Many kinds of animals, birds, reptiles and
fish are found in the basin, but seldom in concentrated numbers. White-
tailed deer, waterfowl and small game are the major species. The subarea's
populations of walleye, bass, pike and trout have deteriorated in some areas
due to localized pollution problems. Most of the fish population is composed
of pan fish, principally bluegill, and the so-called rough species, primarily
members of the carp, sucker and catfish grOups.
Rapid population increases, coupled with a shrinking resource base, will
result in greatly increased pressure on wildlife in the subarea. Programs
of stream channelization have contributed to a shrinking wildlife base, with
an affect on furbearers, upland game and non—game populations. Insecticide
runOff from orchards and non—agricultural applications has created problems
in marshes, as well as the more well—known problems of fish ecology.
Demographic and Economic Characteristics
Ropulation
Between 1940 and 1970 population in Planning Subarea 2.3 increased
from approximately 1,499,000 to 2,523,000 persons, an increase of 68.3 percent,
12 percent higher than the growth in the Great Lakes Basin as a whole. Total
employment in the planning subarea increased 86 percent from 1940 to 1970,
almost 20 percent above the increase in the basin. Manufacturing industries


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Ca-32da DEPTH 127 FEET

















1 [L1 1111 ll]. ll4 1
1950 1955 1960 1965 1970
Grand Ha . ‘ <
 
     
     
























    
  
   









    
St. Joseph
. ' ﬁrm-n; Cold our 0
0;»,/
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H—mv;n in underlying Devonian System
Geology horn Kelley, 1968,
except to: Marshall- SQLE m mus
Goldwater contact WhICh

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1/ Totals may not add due to rounding
2/ Measurement is in thousands of acres or hectares
3] Current normal represents present yield estimates











































































































































































































































































































































































































































































































































































































































































































































































































































counties of the planning subarea are located in the Upper Peninsula and
eighteen counties in the northern half of the Lower Peninsula.
. I Part of
Mackinac County in the Upper Peninsula borders on Lake Huron.
The planning subarea consists of the watersheds of 8 river basins and
complexes, totaling over 33,670 square kilometers (13,000 square miles).
Drainage from the Upper Peninsula flows in a southerly direction into
Lake Michigan, and the drainage from the Lower Peninsula flows in a
generally westerly direction. Figure 24 shows the areal extent and the
drainage pattern of the river basin group and also the counties included.
Table 28 gives statistical information relative to the land use and water
area in the planning subarea.
Table 28
LAKE MICHIGAN NORTHEAST PLANNING SUBAREA 2.4
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Figure 25 SOIL ASSOCIATIONS PLANNING SUBAREA 2.4

























































Gently undulating to hilly (3-182 slope), moderately
coarse to medium texture, well and moderately well
drinaed, neutral to mdeium acid soils formed on
moraines and lake, outwash and till plains.
Nearly level to sloping (0-122 slope), moderately
coarse to coarse textured, well to moderately
well drained, strongly to very stronglyacid soils
formed on lake, outwash and till plains and moraines
Nearly level to sloping (0—122 slope), coarse and
moderately coarse textured, well and moderately
well drained, medium to strongly acid soils formed
on lake, outwash and till plains and moraines.
Nearly level to hilly.(0—18Z.slope), moderatelY
coarse to coarse textured, well drained, slightly
to strongly acid soils formed on outwash plains,
moraines, kames and eskers.
Nearly level to rolling (0—122 slope), moderately
coarse to coarse textured, well and moderately
well drained, very strongly to slightly acid
soils formed on till over bedrock and outwash
plains and alluvial fans.
Nearly level to rolling (0—122 slope), medium
textured, well to very poorly drained, very strongly
to strongly acid mineral soils formed on till




















































































































































































































































































































































   





































Gently sloping to steep (3-252 slope), medium to
moderately coarse textu














slightly acid soils fo
rmed on lake plains.
Nearly level (0-21 slop
e), moderately fine
textured, poorly to very
poorly drained, medium
to slightly acid minera
l soils formed on lake
plain






to fine textured, well
and moderately well
drained, strongly_to s





Nearly level to sloping (0—122 slope), medium
textured, well to somewhat poorly drained, medium
acid to neutral soils formed on till plains and
moraines.
Nearly level to gently sloping (0-6Z slope),
coarse to moderately fine textured, somewhat
poorly to very poorly drained, medium acid to






























































































































































































































































































Nearly level to moderately steep (O—IBZ slope),
loam
moderately coarse to medium texture, well to very
poorly drained, slightly to very strongly acid








Level to gently sloping (0—62 slope), medium to
loam
moderately coarse textured, somewhat poorly to
very poorly drained, slightly acid mineral soils on






Nearly level to gently sloping (0—62 slope), coarse
to moderately fine textured, somewhat poorly to
very poorly drained, medium acid to neutral













Nearly level to gently undulating (0—122 slope),
coarse t6 mederately coarse textured, well and
moderately well drained, strongly to medium acid
soils formed on lake, outwash and till plains,








Nearly level to hilly (0-182 slope), coarse to
moderately coarse textured, well and moderately
well drained, strongly to medium acid soils






Nearly level to sloping (0-121 slope), coarse
textured, well drained, medium to strongly acid


















































































































































































































    





































Nearly level to gently sloping








textured, somewhat poorly to very poorly drained,
very poorly





















Nearly level to steep (0—252 slope), moderately
Longrie
sandy loam sandy load limestone



















poorly drained, extremely to slightly acid soils
formed in depressions in lake, till and outwash
plains and moraines.
St. Ignace sandy load sandy loaw limestone
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Reservoir sites exist in Planning Subarea 2.4 that are also included
in surface water hydrology. There are five larger sites more than 200
hectares (500 acres) and over 100 smaller sites, less than 200 hectares
(500 acres) now existing. The larger reservoirs combine for a surface
area of over 3,600 hectares (9,000 acres).
Ground Water
Planning Subarea 2.4 has relatively minor ground water problems,
mainly a few lowayield or poor~quality areas.
There is locally a poor potential for large volume ground water
development from glacial—drift aquifers in the Upper Peninsula part
because of the large areas of lake and till—plain deposits. These deposits
are fine—grained and have relatively low permeability and thus the water—
bearing zones provide low well yields. However, the bedrock is at or
near the land surface and is capable of producing moderate yields.
Local chemical—quality problems exist in the area. Solid—waste
disposal in land fills is practiced in many towns. This type of
disposal has recently been shown to cause ground water contamination under
certain conditions. Solid and liquid wastes are disposed of by paper
companies. Past incidents of ground water contamination caused bysuch
waste—disposal methods have been reported. The disposal of liquid waste
requires the most care to prevent ground water contamination.
The operation of brine and salt wells, generally in Manistee,
Mason, and Muskegon Counties, has caused ground water contamination.
There are about 100 brine wells and about 20 salt wells in this area. Some
public water supply wells at Manistee have been contaminated by wastes
from these wells. Regulations to prevent pollution are in force, but
the brine and salt wells have not always been preperly operated and spillage
has occurred. Currently, the Michigan Water Resources Commission has
issued orders to prevent further pollution and to clean up theexisting
situation.
A recent impetus to oil-test drilling in the northwestern part
of the Lower Peninsula has created a renewal of public interest in the
potential of ground water contamination by this industry. Accidental or
improper disposal of oil-field brines poses the most serious threat.
In the Upper Peninsula the water in the unconsolidated aquifers
is generally of good quality, except that much of it is hard and in many
places it is high in iron content. Locally it can contain high chlorides.
In the bedrock aquifers, the water is generally hard, sometimes has a high
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GENERAL STRATIGRAPHY AND MAJOR AQUIFER SYSTEMS IN PLANNING SUBAREA 2.4(9)
Thick-
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 Demographic and Economic Characteristics
Population
Population in the Planning Subarea 2.4 increased from approximately
368,700 in 1940 to about 496,500 in 1970. In the thirty years from 1940 to
1970 employment rose from 110,700 to 171,900, about 1.5 percent of the Basin
total, and the labor participation rate rose from 30 percent to 34 percent.
Manufacturing related employment amounted to 56,700 in 1970, just under
33 percent of total employment — about 2 percent lower than the Basin average,
but about 8 percent higher than the national average. There were 6,500
employed in agriculture, forestry and fisheries, an area which has declined
steadily in the last thirty years. In 1970 agriculturally related employment
was 3.8 percent of the total, over twice the Basin average but slightly below
the national average.
Resource Use and Development
 
Agriculture is quite specialized. In the northern counties dairy
products, beef, berries, potatoes, and other vegetables are the principal
products. In the counties of the Lower Peninsula, fruit and vegetable
production are major enterprises, and three of the counties are the leaders
in the production of sour cherries nationally. Dairy and livestock production
are also important in the Lower Peninsula. Lumbering was at one time a major
industry in both the Upper and Lower Peninsula portions of the planning
subarea. The current economy in the Upper Peninsula is still largely
related to wood—using industries-—pulp, paper, and wood products—-the same
is true to some extent of the Lower Peninsula. In the Upper Peninsula,
manufacturing is of very little importance, except for a few light industries.
In the Lower Peninsula, some of the former sawmill towns have converted to
general manufacturing and provide a wholesale—retail trade base. Recreation
is an important part of the economy of the entire planning subarea.
Table 33
POPULATION DATA BY COUNTY<10>
Land
Number Percent Areas










Manning Subarea 2.4 368,684 410,465 4_5_2_,_8_§4 496,540 209,626 _4_2_,_0_ 12,696
§i_c_higan 368,684 £0,465 452,8}ﬁ 4_9§J§_1Q 209,626 42.2 12,696
Antrim 10,964 10,721 10,373 12,612 - - 476
Benzie 7,800 8.306 7,834 8,593 - - 316
Charlevoix 13,031 13,475 13,421 16,541 6,488 39.2 414
Delta 34,037 32,913 34,298 35,924 20,605 57.4 1,177
Emmet 15,791 16,534 15,904 18,331 6,342 34.6 -461
Grand Traverse 23,390 28,598 33,490 39,175 18,048 46.1 462
Kalkaska 5,159 4,597 4,382 5,272 - - 566
Lake 4,798 5,257 5,338 5,66]. - - 571
Leelanau 8,436 8,647 9,321 10,872 — - 34S
Mackinac 9,438 9,287 10,853 9,660 2,892 29.9 1,014
Manistee 18,450 18,524 19,042 20,094 7,723 38.4 553
Mason 19,378 20,474 21,929 22,612 9,021 39.9 490
Mecosta 16,902 18,968 21,051 27,992 11,995 42.9 560
Hissaukee 8,034 7,458 6,784 7,126 - - 565
Huskegon 94,501 121,545 149,943 157,426 108,733 69.1 501
Newaygo 18,286 21,567 24,160 27,992 3,465 12.4 849
Oceana 14,812 16,105 16,547 17,984 - — 536
Osceola 13,309 13,797 13.595 14.838 — - 581
Roscomon 3,668 5,916 7.200 9.892 - - 521
Schoolcrnft 9,524 9,148 8,953 8.226 4,324 52.6 1,101
“oxford 17.976 18,628 18,466 19,717 9,990 50.7 599
to Convert Pro; 19. Hung}: 51






































































































































































































































































Per capita income (l967$) 2 808
Per capita income Rel. (U.S.=l.00) ,.81
Total Employment 171,399
Employment/population ratio .35
(in 100 of l967$)
Total personal income 1,397,328
Total earnings 1,027,534
Agriculture, forestry and fisheries 31,1483
Agriculture _




Crude petroleum and natural gas _
Nonmetallic, except fuels _
Contract construction 62,536
Manufacturing 374,7603
Food and kindred products -
Textile mill products —
Apparel and other fabric products —
Lumber products and furniture —
Paper and allied products —
Printing and publishing —
Chemicals and allied products ' —
Petroleum refining _
Primary metals -
Fabricated metals and ordance —
Machinery, excluding electrical -
Motor vehicles and equipment —
Transportation equip., excl. mtr. vehs. —
Other manufacturing —
Trans., comm. and public utilities 63,5253
Wholesale and retail trade 157,962




State and local government 136,030
Armed forces 7,901
a — represents 80;0 to 99.9 percent of the true value

























































































































































































































































































































































































































































































































































































































































































































































Land Use Forecasts, 1975
MAJOR LAND USES
INTRODUCTION










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 37 Cont'd. Scene ID Date











































Since the results of this project were to be presented at the county
level, this dictated that several rather small analysis tasks be performed
as opposed to a few tasks covering large areas. In order to standardize
the analysis procedures, a comprehensive proceduresdocument was prepared.
This document was concerned with the areas of data preprocessing, analysis
and results and is summarized in Volume I - Great Lakes Basin Report.
Prior to analysis the 191 counties were divided into two categories:
(a) those having underflight reference data available and (b) those having
no underflight reference data. Those counties which had sufficient under-
flight data were analyzed and classified from statistics generated within
the county. The statistics were prepared utilizing the underflight data
and other available reference data to obtain informational classes from
the spectral classes. Counties which did not have underflight data were
classified using the statistics generated from an adjoining or nearest
neighbor county. This procedure assumed that training statistics generated
in one county could be extended over a distance of 90 to 100 kilometers
(50-60 mi). However, it was stipulated that the statistics could not be
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Table 38 Cont'd. County Statistics
. ' Derived From






Delta Schoolcraft; Alger, West :
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inventoried taking into consideration the variability in dates of data
collection and the limited amount of underflight reference data available.
Table 39
FINAL LAND USE CLASSIFICATION CATEGORIES
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ence data were not available for adequate training of the computer.
Thus,
this class was deleted.
The orchards and vineyards were included in those




Forest cover was usually classified into Level
II classes such as
coniferous, deciduous, and sparse forest.
However, these classes were
aggregated to yield only a Level I forest class.
In the no major usage category only water and wetland were cate-
gorized. Insufficient underflight reference data precluded the routine
classification of barren land.
Specific Problems
Only minor problems occurred in the Lake Michigan basin. The data
sets generated for seven of the counties in this basin did not cover the
entire county area. The seven counties affected were the following:
Marinette, Florence and Forest County, Wisconsin; Leelanau (Islands) and
Mason County, Michigan; and Noble and Marshall County, Indiana. Gener-
ally, these counties were located at the edge of a LANDSAT frame, and the
entire county was not included in the original data. The missing area
of each county was usually only a few squaremiles. Thus, it was decided
not to produce an additional data set for these small areas. The land use
statistics are reported using the total county acreage. The land use
distribution based upon the major portion of the county was expanded to
include the missing areas.
Some of the LANDSAT data contained a few lines of poor quality data
which were generally classified as either agriculture or water. Also,
a small number of clouds and cloud shadows were present in some of the
LANDSAT scenes. Occasionally the cloud shadows were classified as water.
However, contributions from the poor quality data, clouds, and cloud
shadOWS to the total county figures are relatively small.
Areas classified as clouds and cloud shadows were assumed to contain
the same distribution of land use as the other portions of each individual
county. Land use was estimated by multiplying the acreage classified as
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surface cover, and farmsteads.
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 COLOR COUNTY LAND USE MAPS
 
County maps for Planning Subarea 2.1 are not included in this volume
due to technical difficulties incurred in the mapping processes.
134—162
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3270 : 3270 1320
1.0 72710 30100 106
460 ‘209270 84720 6
3.1 75390 30520
22.7 43580
Florence 4110 l 4110 1660 1.3 950 19370I 20320 8220 6.4 278570 112780 87.2 16360
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Gran Lake 13630 113630 5510 5.6 94300 12500 37180 I143980 58290 59.5 68650 27790 28.4 122” 3450 15650 6330 6.5
7720 3120 3.6
meme 4020I 4020 1620 1.9 27380 40050 104350 '171780 69540 81.1 28320 11460 13.4 5160 2560
15670 6340 2.8
I
bugle“ 16280 I16280 6590 2.9 58880 14950 32980 I106810 43240 19.2 418680 169500 75.1 15670
8590 3470 2.3
83160 33660 9.2
mum “so : “so 2770 1.3 55270 50450 1842301289950 117380 76.7 72840 29480 19.3 3590
5710 2310 1.9 -:
12450 5040 5.3
‘




Harquctte 11710 1040'12750 5160 4.3 22170 5400 123580 :151150 61190 50.8 127990 51810 43.0 5710
I
Menominee
4120‘ 4120 1660 1.8 4150
3030' 7180 2900 3.1 209850 84950 89.8 12450
Occmto
15580
515580 6300 2.4 73770 20200 108930 1‘202900 82140 31.3 390310 158020 60.1 40170



































































































































































































































































































































































































































































































     
  
















































































































tions, or the date of inventory.
The county boundaries and the area classified may not exactly agree
since the area chosen as the county in the LANDSAT data could only be
approximated.
The approximated county boundaries were located using
visible features within the LANDSAT data such as streams, lakes, cities,
major highways, etc.
In a few predominantly rural counties, insufficient reference data
were available to train the computer properly to identify an urban
class. Maps of these counties do not reflect an Urban (red) category
but contain only the following categories: Agriculture (yellow),
Forestry (green), No Major Use (blue), and perhaps Coulds (white) and
Cloud Shadow (black).
This land use inventory was prepared using spectral data; placement
ofseparable spectral classes into informational classes sometimes
resulted in the combination of urban and rural features into a single
category. As a result, some maps reflect large amounts of Urban (red)
category scattered throughout the county. These areas represent data
points which have similar reflectance characteristics and are spectrally
inseparable. They generally include urban areas, light colored and
sandy soils without surface cover, and farmsteads. This must be con—
sidered when using the Land Use tables as the area estimated for the
urban category may be high.
169
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Figure 77 shows those counties contained in Planning Subarea 2.3.
The major land uses in Planning Subarea 2.3 presented by county are
shown in Table 48.
Table 49 presents the major land uses for Planning
Subarea 2.3 by state.
The land use tabulations presented in these tables were derived
by LARS using 1974 state—of-the—art LANDSAT analyses technology.
The
areas shown may not match those in other tabulations of land use infor-
mation due to differences in procedures used, land use category defini—
tions, or the date of inventory.
The county boundaries and the area classified may not exactly agree
since the area chosen as the county in the LANDSAT data could only be
approximated. The approximated county boundaries were located using
visible features within the LANDSAT data such as streams, lakes, cities,
major highways, etc.
In a few predominantly rural counties, insufficient referencedata
were available to train the computer properly to identify an urban class.
Maps of these counties do not reflect on Urban (red) category but contain
only the following categories: Agriculture (yellow), Forestry (green),
No Major Use (blue), and perhaps Clouds (white) and Cloud Shadow (black).
This land use inventorywas prepared using spectral data; placement
of separable spectral classes into informational classes sometimes
resulted in the combination of urban and rural features into a single
category. As a result, some maps reflect large amounts of the Urban
(red) category scattered throughout the county. These areas represent
data points which have similar reflectance characteristics and are
spectrally inseparable. They generally include urban areas, light
colored and sandy soils without surface cover, and farmsteads. This
must be considered when using the Land Use tables as the area estimated
for the urban category may be high.
197
 
   
  
 
COLOR COUNTY LAND USE MAPS
 
County maps for Planning Subarea 2.3 are not included in this volume
due to technical difficulties incurred in the mapping processes.
198—222
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for the urban category may be high.
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Figure 103
PLANNING SUBAREA 2 . 4
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 COLOR COUNTY LAND USE MAPS
County maps for Planning Subarea 2.4 are not included in this volume
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LAKE MICHIGAN BASIN - CATEGORIES


























































areas and (8) recreational lands.
These eight categories cover the more significant nonpoint sources of
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































LIQUID WASTE DISPOSAL 1973, (1,2,3b)
Types of Discharge
Number Surface
of Spray Septic Tank of
Operations Industrial Municipal Lagoon Irrigation Tile Field Ground
Lake Michigan
basin 456 409 43 196 28 154 58
PSA 2.1 17 15 2 6 - 4 l
PSA 2.2 11 5 2 — - - —
PSA 2.3 283 259 24 114 19 108 41
PSA 2.4 145 130 15 76 9 42 16
Climatic factors in the more southerly planning subareas, as Planning
Subarea 2.3, are more conducive to this means of disposal. The shorter period
of cold winter months and the longer growing season increase the
environmental capacity for absorption of liquid wastes in a safe manner.
§91id WasteDisposal
At the present time in the Lake Michigan basin, modified landfills
and open dumps are the primary methods for solid waste disposal. Most dumps
serve rural populations, with larger, more populated regions served by
sanitary landfills.
The trend toward sanitary landfills is likely to increase in the
future. Indiana currently bans all non—landfill sites, such as open burying
dumps. Wisconsin had a graduated disposal criteria depending upon the
population of the area, and requiring landfill operations in areas of over
2,500 population. With these and other new licensing regulations taking effect
it is expected that problems from solid waste disposal will decrease in the
future. There will continue to be problems arising from abandoned dump
sites which are improperly closed and not adequately sealed off to rodents
and leaching problems.
Many conditions are involved in establishing efficient landfill
sites. Such conditions include examining geology, hydrology, and soils.
The potential for contamination of Lake Michigan near shore
waters is also influenced byclimatological factors. Due to the amount of
precipitation in this area and the high average potential infiltration rates,
leachate production is all most inevitable from solid waste disposal sites.
Leachates are produced by water infiltrating and percolating through the land—
fill and into groundwater supplies; or produced from saturation by high ground-
water tables that come into contact with the buried refuse. The types of
pollutants that may arise are directly related to the type of refuse present
and the manner of disposal. However, leachates are usually characterized
as being high in biochemical oxygen demand (BOD), dissolved chemicals
(iron, chloride, sodium), hardness, acids, and nitrates (organic decomposition).
The future outlook of solid waste disposal by sanitary landfills
shows an increase in its usage for at least the near future. This increase
is partially due to the low costsand simple operation of landfills.
Other acceptable methods of solid waste disposal (i.e, incineration,
270
 
 composting, shredding) have been used to a lesser extent primarily because of
economic factors.
Table 53
SOLID WASTE DISPOSAL SITES, 1973 (1,2,3c)
 
Sanitary Modified or
Total Landfills ppen Dumps
Lake Michigan basin 1,134 244 403
PSA 2.1 443 80 287
PSA 2.2 229 60 21
PSA 2.3 236 90 44
PSA 2.4 226 14 51
Dredging and_értificial Fills Areas
 
Dredging is defined as the process of removing materials from
underwater and their subsequent disposal.
The process includes two operations:
1) excavation of the materials and 2) coveyance to and release of the materials
at the disposal site.
Due to pollution and industrial development, some of
the sediment





that are common to the effected sediments include nitrates,
phosphates,
organic matter, pH, alkalinity, chlorides, iron, oil and grease, mercury,
lead and zinc.
Federal legislation concerned with polluted dredge spoil was
enacted in 1970 (P.L. 91—611).
Section 123 of this act specifically deals
with the requirements for confined dredge spoil.
Most dredge soil material
excavated
in the Lake Michigan basin continues
to be disposed of in open
lake areas.
As of July,
1974 only 7 of 37 dredging operations utilized
confined disposal sites.
It is unlikely that any major work will be done in the Lake
Michigan basin unless larger locks are constructed.
If this occurs, larger
ships will be utilizing the facilities and there will be a demand for
deeper and wider harbors.
Because the amount of commercial navigation has
decreased considerably in the Great Lakes Basin during recent years, the
level of annual dredging may be significantly altered in the future.
This will
depend on the continued economic viability of shipping.
If economic development continues in the Lake Michigan basin, there
will be a further increase in the percentage of polluted sediments.
If
sediment pollution does increase, further increase in dike disposal are
likely, raising the potential for nearshore water pollution if dike spoils are
not properly handled.
Conversely, if proper technology is applied to




AVERAGE ANNUAL VOLUME 0F DREDGE SPOIL
DISPOSAL OPERATIONS (1961-1970) (4)
Number AnnualAverage Polluted Sediments
of Dredging Requiring Confinement
 
Sites Cubic Meters Cubic Yards Cubic Meters Cubic Yards
Lake Michigan
baSin 37 1,133,260 1,481,380 685,790 896,473
PSA 2.1 11 251,630 328,930 196,860 257,337
PSA 2.2 10 420,660 549,880 382,990 500,645
PSA 2.3 5 286,830 374,940 98,560 128,843
PSA 2.4 11 174,140 227,630 7,380 9,648
Deepwell Disposal
Deepwell waste disposal techniques have been practiced for
decades, primarily for the disposal of brines produced in oil field operations.
Since about 1950 deepwell disposal of industrial wastes has become an
increasingly popular solution for elimination of toxic or noxious unwanted



















formations and contaminate such formations; however, the formations act
as storage reservoirs for wastes and should prevent contamination of
other resources or areas.
Ideally, the receiving formation is bounded both above and below
by formations of low vertical permeability. Even with such precautions
upward flow can occur if high injection pressures are used and hydro—
fracturing has occurred.
The State of Wisconsin prohibits the injection of any material
into the subsurface. There are no deepwell disposal sites within the
drainage basin of Lake Michigan in Illinois as well. The state has sought
to protect deeply buried but only slightly salty reservoirs that may serve
as a future drinking water source. In the Gary, Indiana area there are a
number of disposal wells used to inject hydrochloric and sulfuric acid
waste pickle liquors. These wells have had apparant success. There are,
in addition, many deepwell disposal operations in the Michigan portion
of this lake basin. The major problems here have been related to the
discharge of effluent from plugged and abandoned test wells and exploratory
holes. In addition, the highly corrosivenature of some of the wastes that
are injected has been a problem.
In the Lake basin there is a total of 29
These occur in the eastern portion of the planning subarea. They are about
50 percent industrial and50 percent brine injection, with range of depths
from 90 meters (295 feet) to 1,986 meters (6,514 feet).
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 Table 55
DEEPWELL DISPOSAL SITES, 1973 (2,3d)
 
Number Range of Geologic Ebﬂéiiﬂijﬂigggg
















































































Erosion along the land-water interface occurs in 2 partiCular areas —
lakeshore and riverbank. Lakeshore erosion can contribute sizeable amounts
of sediments to Lake Michigan, but most of this sediment does not contain
nutrient or pesticide materials. Its major influence on surface waters is by
increasing nearshore turbidity and smothering of benthic biota. Riverbank
erosion contributes nutrient and pesticide materials from surrounding lands
captured in the sediment.
Lakeshore Erosion
Lakeshore erosion is controlled by the physical nature of the
shoreline, lake levels and their interaction with storm intensity and
frequency, and the extent and type of shoreline land use.
The diversity of Lake Michigan shore types is evidenced by the fact

















erodible bluff areas found along many shoreline reaches often used as building






































Peninsula, most dune and bluff areas are exposed, and during high lake levels
are particularly vulnerable to erosion. 0f the total 2,192 kilometers




















to geographic and geological observations expressed in Table 56.
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The distribution of these shore types by























     
V" I S C C) N S I N
Figure 124
State Percent
Wisconsin Hichiggg Illinois Indiana Total of Total
Shore ea
Artificial fill area 12.4 3.8 26.6 24.6 67.4 5
Erodible high bluff 95.4 157.3 20.9 0.0 273.6 20
Non—erodible high bluff 30.1 16.8 0.0 0.0 46.9 3
Erodible 10w bluff 28.0 90.9 0.0 0.0 118.9 9
Non—erodible low bluff 13.1 11.6 0.0 0.0 24.7 2
High sand dune 0.0 128.0 0.0 11.6 139.6 10
Low sand dune 16.4 48.7 0.0 8.3 73.4 S
Erodible low plain 77.0 192.5 17.5 0.5 287.5 21
Non-erodible low plain 58.4 115.1 0.0 0.0 173.5 13
Wetlands 14.2 80.3 0.0 0.0 94.5 7
Wetlands/erodible plain 51.8 0.0 0.0 0.0 51.8 4
Hetlands/erodible low bluff 10.2 0.0 0.0 0.0 10.2 1
Total shore miles 407.0 845.0 65.0 45.0 1,362.0 100
To Convert From 12 Multiglz 32
Miles (Ii) Kilo-eta: (kl) 1.609
state is displayed
LEGEND
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DISTRIBUTION OF LAKE MICHIGAN SHORE TYPES, 1970(5)
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Higher lake levels and more frequent and intensive storms increase
the erosive force of the water body. Therefore, erosion and lakeshore
recession will occur more rapidly. Unusually high lake levels on Lake
Michigan in recent years have increased the amount of shoreline erosion.
The third controlling factor is the variety, concentration, and
location of shoreline use. Commercial and industrial development is almost
entirely limited to the extreme southwestern portion of the lake specifically
western Indiana and Illinois. Permanent and seasonal residential use is
the most common of all the shoreline uses in this lake basin. Improper
construction methods and incompatible shoreline development serve only to
exacerbate the natural littoral and shoreline processes.
Much of the research and analysis directedtoward shoreline
erosion has been based on economic parameters. These are estimates based
upon the economic loss resulting from erosion of the shoreline. According
to this type of analysis, critical and moderate erosion account for 946
kilometers (587.5 miles). Protected areas account for 10 percent of the
shoreline, or 261 kilometers (162 miles). This includes areas protected
by seawalls or diking systems which prevent erosion from occurring. Shorelines
which are subject to flooding account for 10 percent, or 226 kilometers
(140.7 miles) of the total shoreline reach.
Shoreline in Lake Michigan not subject to flooding or erosion
thus accounts for 759 kilometers (471.8 miles), or 35 percent of the
total shoreline. Thus, 79 percent of the shoreline comprised of erodible
shoretypes is subject to flooding or erosion, according to the economic
loss criteria.
Table 57





Existing Miles of Shoreline 2192 1362 100
Critical Erosion Areas 210 130.1 10
Non—Critical Erosion 736 457.4 33
Protected Shoreline 261 162.0 12
Shoreline Subject to Flooding 226 140.7 10
Shoreline Not Subject to Flooding
or Erosion 759 471.8 35
For the State of Michigan, the Michigan Water Development Services
has calculated the amount of high risk erosion mileage.(6) This is an
estimate of the amount of actual geological erosion and sedimentation that




















of Michigan, a total of 730 kilometers (454 miles) of both developed and
undeveloped land is subject to high risk erosion. This is 53 percent of
the Michigan shoreline on Lake Michigan.
275
 Table 58
1973 HIGH RISK EROSION MILEAGE(6)
Developed Undeveloped Total
Lake Michigan basinl/ 286.3 167.7 454.0
PSA 2.1 25.7 11.4 37.1
PSA 2.2 No Michigan Counties
PSA 2.3 82.2 14.2 96.4
PSA 2.4 178.4 142.1 320.5
1] Michigan Counties Only
To Convert From To Multiply By
Miles (m1) Kilometers (km) 1.609
Riverbank Erosion
Riverbank erosion is a natural geologic phenomena caused by direct
abrasion, undercutting, or sloughing, or from a combination of these Processes.
in the valley development from lateral widening. With the manipulation of land
and vegetation by man, the erosion and sediment yield to the lakes made a
significant increase.
The most widespread influence, other than on site land damage from
the erosion process, is the downstream effect on water and related land
resources. Additional sedimentation, nutrients and contaminants enter the
water. Sometimes this product remains suspended in the downstream waters
for prolonged periods and constitutes a detrimental element to the quality
of water.
Table 59






































Estimates range from an average of 2.47 metric tons of sediment
per square kilometer (7 tons per square mile) eroded from streambanks yearly
to as high as 15.8 metric tons per square kilometer (45 tons per square mile;
for streams draining less than 1,036 square kilometers (440 square miles). 5
An average of 9.5 metric tons per square kilometer (27 tons per square mile)
for the entire Great Lakes Basin was found. The erosion is summarized in
bank lengths (a length of streambank erosion would be erosion on only one
side of a stream channel). The term "serious streambank erosion" is a
working term to separate those areas which appear to have sizable damages,
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, ,,1______________L
i.e., damages detrimental to one or more wide variety of interests. Further—
more, damage by serious streambank erosion warrents further study to determine
if some form of streambank erosion protection is justified. Moderate
streambank erosion includes those areas that have some damage, but under
present conditions do not appear to warrent further study because installa—
tion of a protective measure will not produce sufficient benefits.
Intanséie Livssﬁpgkmoyara.tieUs
The water pollution problems associated with intensive livestock opera—
tions are those due to runoff from land used for animal production.
Uncontrolled discharges of wastes from animal confinement operations
has been associated with pollution of lakes, rivers and streams. Animal
wastes may contribute to water pollution in many ways such as: excessive
nutrients that increase euthrophication; microorganisms that may impair
the use of surface waters; impurities in ground water treatment; and
depletion of dissolved oxygen. Of greatest concern are nitrates and
phosphates, bacterial contamination, and high BOD rates.
The definition of an intensive livestock operation is an arbitrary one.
The definition used for this study was "a facility capable of holding
animals on land not used for the growing of crops or vegetation". The
numbers used for this definition are 100 or more head of cattle (available
data did not allow for identification of beef and dairy), 200 or more
swine, and 10,000 or more poultry.(3a) These standards were developed
Dr. R.C. Loehr based upon what would be a large single enterprise operation
operating at a respectable profit.
The largest livestock operations are in the same areas where most of
the livestock are produced. The states surrounding Lake Michigan contain
large livestock operations. The major drainage from land containing




















pigs and hogs in the basin are in the Lake Michigan drainage area.
Localized problems can result wherever good waste management approaches
are not utilized.
   
Table 60
INTENSIVE LIVESTOCK OPERATIONS, 1969(8)
Poultry Cattle Swine
with 10000 with 100 or with 200
or more more head or more Total
Lake Michigan basin 280 5094 1477 6851
PSA 2.1 18 1303 219 1540
PSA 2.2 47 925 362 1334
PSA 2.3 184 2554 873 3611
PSA 2.4 31 312 23 366
277
 According to Dr. Loehr's
standards,
there are 6,851 intensive livestock
operations in the Lake Michigan basin,
280 of which are poultry operations,
5,094 are cattle operations and the remaining 1,477 are swine operations.
High DensityLNonsewered Residential Areas
In addition to impacts on public health, there can be significant
impacts on water quality from sewage effluents.
Impacts may occur in terms
of nutrient enrichment of streams and lakes,
heavy concentrations of chemical
compounds detrimental to surface water uses, as well as affecting the general
aesthetic characteristics of the environment.
Poor soil drainage is a problem
in central Wisconsin, northern Indiana, eastern Illinois, and in southern
Michigan.
In these areas, the detection of faulty septic systems and careful
operation of on—site disposal methods is important
In the Lake Michigan basin there is a total of 4,389,252 sewered and
nonsewered housing units. Of these, five percent, or 766,083 housing
units not including farms are nonsewered. Thirty three percent of the
nonsewered homes are located in urban areas, while the remaining 67
percent, or 511,486 units, are in rural nonfarm areas. The heavily
populated southwestern sector of the Lake basin has the lowest percentage
of nonsewered housing. With increasing urbanization in the other planning




HIGH DENSITY NONSEWERED RESIDENTIAL AREAS, 1970( )
Ethan Rural Nonfarm Combined
Percent Percent Percent
Total of Total of Total of Total
Housing Housing Housing Heusing





















































































































































Lake Michigan basin recreational sites are based.


































































































































with possible run and erosion problems, are found throughout the basin.
278
Planning Subareas 2.1 and 2.4, at the northern end of the lake are less
populous than Planning Subarea 2.2 and 2.3 towards the southern end of the lake
consequently are more oriented towards weekend and vacation users. These
northern two subareas have over three times the number of state parks as
found in the southern part of the basin. It is in these northern planning
subareas that the more primitive forest campgrounds are found, as well as
much good boating water in the Green Bay-Lake Winnebago area and in the
Traverse Bay area. The more southerly areas have a higher urban population
with urban-oriented recreational activities contributing different water quality
influences than those in the northern portions.
Table 62





Water-Oriented Activites Other Summer Activities
Swimming Picnicking Campingr Gen. Parking Boating—Parkingr Playfield Golf
Lake Michigan
basin 1120 9080 4380 1220 1250 15620 21590
PSA 2.1 170 2370 1150 120 200 1100 4700
PSA 2.2 460 4260 750 700 620 11600 12100
PSA 2.3 320 950 1180 340 360 2850 4600
PSA 2 4 170 1500 1300 60 70 70 190
Total
Area
Winter Activities Water Surface
Skiing Sledding Ice Skating Boating
890 0 810 1518000 1573960
470 0 10 496000 506290
170 0 760 193000 224420
50 O 20 150000 160670
200 0 20 679000 682580
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wastes are usually sanitized before disposal.
Table 63




























































































































































































































































































SOLID WASTE DISPOSAL SITES BY COUNTY, 1973(2’3C)
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Number Annual Average Polluted Sediments




















































































































































































































































1. Existing Miles of Shoreline 605 376
2. Length and Location of Critical
Erosion Areas — —
3. Shoreline Subject to Noncritical
Erosion 221 137.6
4. Protected Shoreline 33 20.4
5. Shoreline Subject to Flooding
Erosion 136 84.4
6. Shoreline Not Subject to Flooding
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all in the Menominee County.
Table 68










































































































































































































































































MODERATE AND SEVERE RIVERBANK EROSION, 1969
(in miles)
(7)





















Moderate 1083 94 1177
Severe 110 51 161
TOTAL 1193 145 1338
To Convert From $3 Multiplz Bx
Miles (mi) Kilometers (km) 1.609








CANADA SCALE IN MILKS
O 50 mo
   
    






       
   
   
 
 
      
 
    








































































M OMINEE ’2'. . \ l
" Marl ene ‘ ‘
0conto





















































































Figure 127 PSA 2.] INTENSIVE LIVESTOCK OPERATIONS Legend: Numlgwf Animal Production
FIOIIIIIOS [by county) SCALE m MILES
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Planning Subarea 2.1 encompasses a three county area of Michigan and a
twenty county area of Wisconsin. Located along the northwestern shores of
Lake Michigan, the area contains large tracts of public forest lands and
many inland lakes and rivers. Lake Winnebago, Wisconsin's largest inland
lake, lies in the southern portion of the Planning Subarea. The area is
predominantly non—urban in character, with most of the population located
in the southern portion.
This Planning Subarea is a popular vacation land for the Milwaukee and
Chicago SMSAS' south of it in Planning Subarea 2.2, and so receives much
use in the summer tourist season, and, to a lesser extent, in the winter
ski season. Recreation activities range from primitive camping in state
and national forests to town and city parks. The northern portion of the
subarea, due to its greater distance from the urban population portion of
Milwaukee and Chicago, contains more primitive areas — forest camping,
canoeing and fishing are popular. Water quality influences from these types
of activities will have a lower total impact than will more developed areas,
and will OCCur primarily from erosion and sewage. Boating along Lake
Michigan's shore in this northern portion is relatively undeveloped because
of the rocky waters and streams common there. The southern portion of the
planning subarea and the Door Peninsula contains the majority of the state
parks in Planning Subarea 2.1. Developed campsites in the state parks, at
county and city parks, and at privately owned sites are scattered through
the area. Most of the large inland lakes, such as the Lake Winnebago complex
and Green Lake are in this southern portion and receive much usage for ‘
boating. Extensive reaches of the Fox and Wolf Rivers are also suitable
for powerboating. Water quality problemscan arise from erosion at launching
points and marinas, sewage disposal problems, and gasoline spillage and
wastes. The use of Green Bay for recreation is hampered by water quality
problems, particularly near the city of Green Bay, but is still popular
for boating. Numerous ski resorts are found in the subarea, with possible
water quality problems resulting from inadequacies of sewage systems and




A limited number of liquid waste disposal operations are located in
this heavily industrialized, heavily populated planning subarea. Increasing
land values and population pressures have decreased the amount of land



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Planning Subarea 2.2 contains a total of five deepwell disposal
operations. All of these are located in the Indiana portion of the subarea,
and are used for the disposal of industrial wastes. According to available
information, there have been no major problems from these disposal sites.
Depths range from 90 meters (295 feet) to 1,325 meters (4,348 feet).
Table 75































































































































of the 325 kilometers (202 miles) of shoreline in Planning Subarea
2.2, there are no areas not subject to erosion. Twenty—two percent of the
shoreline is subject to critical erosion base on the economic loss criteria.















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Moderate 89 3 92
Severe 23 0 23
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PSA 2.2 SHORE TYPE [5]
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7 4‘ PSA 2.2 INTENSIVE IIVESTIJCK OPERATIONS legend: Number of Animal Productmn
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Spray Septic Tank Surface
PSA 2.3









Allegan 20 18 2 9 2 9
Barry 9 8 l 7 1 l
Berrien 20 19 l 8 2 6 4
Branch 6 6 2 4
Calhoun 8 7 l 5 l ‘ 1
Cass 9 8 l 5 3 1
Clinton 4 2 2 l l 2
Eaton 6 4 2 3 l 2
Hillsdale 8 8 3 l 3 l
Ingham 3 3 2 1
Ionia 13 13 5 1 4 3
Jackson 35 32 3 l3 l6 6
Kalamazoo 36 36 15 1 l3 7
Kent 22 19 3 5 4 9 4
Montcalm 9 7 2 3 1 3 2
Ottawa 34 32 2 12 1 l9 2
St. Joseph 15 13 2 4 l 6 4
Shiawassee 6 6 4 2
Van Buren 20 18 2 8 4 6 2
TOTAL 283 259 24 114 19 108 411
Solid Waste Disposal
Planning Subarea 2.4 contains approximately 236 solid waste disposal
operations. Numbers shown in Table 82 may be understated for Indiana due to























































































































































































































On an average annual basis, 5 harbors in PSA 2.3 are dredged
‘
of 286,830 cubic meters (374,940 cubic yards) of material. Of this, 34
percent contains polluted sediments requiring confinement. Two harbors,
Grand Haven and Holland, currently use a diked system for the disposal of
the polluted sediments.
Table 83
AVERAGE ANNUAL VOLUME OF DREDGE SPOIL DISPOSAL (1961—1970)(4)
 
Number AnnualAverage Polluted Sediments
of Dredging Requiring Confinement









Allegan 2 93,930 122,780 25,070 33,552
Barry












Ottawa 1 111,990 146,390 50,390 65,876
Shiawasee
Van Buren 1 35,430 46,320 8,860 11,580 ;
 




























































meters (5910 feet). Pollution of aquifers by introduction of man-made
contaminants was a serious local problem in this area before state regulation
began. Deepawell disposal operations should continue to be carefully monitored,




































































































































































































































































































































































































































































































































































    













































     















l E 8 E II II:
+SOLIO WASTE DISPOSAL “913]
I LIOIIIO IAS‘I’E OISPOSAL (1913]
>I(: OIEOBE SPOIL DISPOSAL [1972]
A OEEPIELL DISPOSAL (I973)
scusm MILES




































































































































































































































































































































































































































































































































































graphically on Figure 134.
Table 86
SHORE TYPES - PLANNING SUBAREA 2.3 1920(5)
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affecting the remaining 72 percent.
 
Table 88
















































































 Livestock O erations
In Planning Subarea 2.3 there is a larger number of intensive livestock
operations than any of the other subareas in the Great Lakes Basin.
There
is a total of 3,611 intensive livestock, of which 71 percent are cattle
operations with over 100 head and 24 percent are operations with over 200
swine.
Based on the conVersion ratio presented in Dr. Loehr's findings
poultry produces 492,555 kilograms (1,084,925 wet pounds) and swine
1,634,854 kilograms
(3,601,000 wet pounds)
from these livestock operations.
Due to the large number of operations in this planning subarea, the
potential for problems is evident, unless good waste management is provided.
Table 89
(3a) (8)













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    
  
   
   
    
 
     
  
  
   































































































































































































































































































































































































or 327,298 units were classified as nonsewered in the 1970 Census.
0f
the nonsewered households 31 percent
(102,507 units) in rural areas.
In
Kalamazoo County,








































































Noble 10835 0 0 4410 41 4410 41
St. Joseph 78828 12173 15 7106 9 19279 25
Steuben 7562 32 21 3728 49 3760 50
Michi an
Allegan 21284 785 4 12941 61 13726 65
Barry 13097 93 1 7724 59 7817 60
Berrien 55084 5772 11 20795 38 26567 48
Branch 12646 293 2 5749 46 6042 48
Calhoun 46502 8456 18 12282 26 20738 45
Cass 15572 863 6 10115 65 10978 71
Clinton 14078 926 7 6716 48 7642 54
Eaton 20672 741 4 7578 37 8319 40
Hillsdale 12783 168 1 7172 56 7340 57
Ingham 81024 2464 3 6166 8 8630 11
Ionia 13862 542 4 5693 41 6235 45
Jackson 44035 10039 23 14724 33 24763 56
Kalamazoo 62059 20142 33 11713 19 31855 51
Kent 130422 22649 17 13928 11 36577 28
Montcalm 13989 220 2 7326 52 7546 54
Ottawa 37258 7168 19 14273 38 21441 58
St. Joseph 16375 191 1 7910 48 8101 50
Shiawassee 19371 308 2 8443 44 8751 45
Van Buren 19882 139 7 10965 55 11104 56
TOTAL 805646 102507 13 224791 28 327298 41
315
 Recreational Land Use
 
This planning subarea is comprised of a nineteen county area of
southwestern Michigan and six counties in northern most Indiana. The
subarea contains many miles of picturesque Lake Michigan shoreline,
numerous lakes, and several outstanding recreation areas, among them the
Waterloo Recreation Area, Yankee Springs Recreation Area, and the Allegan
State Forest. lbst of the numerous inland lakes are available for
recreational boating. In addition, the extensive network of river and
streams contains many miles suitable for canoeing. The planning subarea
contains no large urban center, but does contain numerous urban areas of
moderate sizes, including Grand Rapids, Lansing, Kalamazoo, and South
Bend.
This planning subarea attracts many people from outside its boundaries
for recreation purposes, especially for weekend and vacation use. Many
of these people come from the Chicago and Detroit Metropolitan areas and
northern Indiana. The concentration of people creates heavy pressures
on this subarea's recreational activities. Activities available range
from five camp areas in the Allegan State Forest to numerous urban
parks and golf courses. Over 180 children's camps and about 275 private
campgrounds are located in the planning subarea. These sites will have
an influence on water quality from the various activities such as swimming,
boating, and games on playfields that the campers participate in, in
addition to possible sewage problems at camp areas with inadequate sewage
facilities. The eight State parks and recreation areas have on the
average over 300 camping sites and a broad range of activities which
draw heavy usage. These State parks and recreation areas also contain
a large amount of undeveloped acreage which has few adverse effects on
water quality at the present time, but could with future development.
One activity popular at both the State parks and the childrens' camps and
private campgrounds mentioned above is horseback riding. This can
contribute to accelerated erosion and waste problems. The available
boating areas are heavily used and are often crowded. Water quality
influences important in these areas will result from gasoline spillage,
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This planning subarea contains a total of 145 liquid waste
disposal operations. One hundred thirty of these are used for industrial
discharge. However, a major municipal liquid waste disposal operation
is located at Muskegon, Michigan, serving a population of 170,000.
Table 91
LIQUID WASTE DISPOSAL, 1973(2)
tmnofnugugn
H.111; Io. of hrq Septic T-k Surface of In













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































fresh water aquifer .
Table 94
(2. 3d)
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A OEIPIELL OISPOSAL [1913)
SCALE m MILES




Of the 1,088 kilometers (676 miles) of shoreline in Planning
Subarea 2.4, 50 percent is subject to some form of flooding or erosion,
according to the economic loss criteria. Six percent is subject to
critical erosion, and 29 percent to noncritical erosion.
Table 95
SHORELINE EROSION FOR PLANNING SUBAREA 2.4 1970(5)
 
Kilometers Miles
1. Existing miles of shoreline 1088 676
2. Length and location of critical erosion areas
a) Muskegon Co., Michigan 21 13.3
b) Oceana Co., Michigan 5 3.1
c) Mason Co., Michigan 7 4.2
d) Manistee Co., Michigan 16 9.8
e) Benzie Co., Michigan 7 4.2
f) Leelanau Co., Michigan 12 7.4
TOTAL 68 42.0
3. Shoreline subject to noncritical erosion 313 194.4
4. Protected shoreline 73 45.1
5. Shoreline subject to flooding 90 56.3
6. Shoreline not subject to flooding or erosion 544 338.2
The number of miles of each shore type is important in the con-





















SHORE TYPES, PLANNING SUBAREA 2.4 l970<50
Miles
Artificial Fill Area A 2
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PSA 2.4 SHORE TYPE [5]
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Table 97





Antrim 17.6 5.2 22.8
Benzie 5.0 15.6 20.6
Charlevoix 6.0 14.0 20.0
Delta 9.9 5.6 15.5
Emmet 28.4 29.3 57.7
Grand Traverse 9.1 6.0 15.1
Kalkaska —— -- ——
Lake —- —— -—
Leelanau 30.5 24.9 55.4
Mackinac 2.8 6.2 9.0
Manistee 13.6 10.2 23.8
Mason 10.8 12.9 23.7
Mecosta —- -— -—
Missaekee —— —— --
Muskegon 22.6 4.3 26.9
Newaygo —— —- -—
Oceania 21.2 6.4 27.6
Osceola -- —- --
Roscommon -— -- --
Schoolcraft .9 1.5 2.4
Wexford -- -- '—
TOTAL 178.4 142.1 320.5
To Convert From 29 Multiply Bx
Miles (mi) Kilometers (km) 1.609
Riverbank Erosion













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Fi gure 139
PSA 2.4 INTENSIVE LIVESTOCK OPERATIONS Legend: Number of Animal Production 1 l
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Dune, Grand Traverse Bay,
and the adjacent shoreline.
The Big Bay DeNoc
;
area of the Upper






























people from outside its boundaries for recreation purposes,
especially for
weekend and vacation use.
Public and privately owned lands are expanding
rapidly to meet these needs.
The planning subarea does not contain
exceptionally large cities; however, there are numerous small urban places
distributed throughout.
Popular recreational activities in the planning subarea range from
fishing, canoeing and camping in the summer months to skiing and snow-
mobiling during the winter.
Camping areas have a total of over 20,000
sites, including both primitive areas in the Hiawatha and Manistee National
Forests and developed private sites and state parks with a wide range of
facilities. In addition, many of the city and county parks are developed
for weekend camping use. Water quality influences from the various types
of camping will vary according to intensity of use, with sewage and erosion .y
being the major problems. Good canoeing waters, such as the Manistee and
Pere Marquette, draw many canoeists annually and are also enjoyed at the
youth camps in the subarea. The primary water quality problem from canoeing
occurs from accelerated erosion at portage points. The Cross Michigan
Riding and Hiking Trail passes through a portion of the planning subarea
and can have problems of erosion in heavily used areas, in addition to
litter and sewer wastes. Recreational boating on Lake Michigan is generally
limited to sheltered bays or to the area immediately adjacent to harbors. ,
Inland lakes, some of which are quite large, are also popular for boating E
and fishing and receive much use in the summer months. Water quality 5
problems can result from marine engine wastes, human waste, litter and
erosion. Winter sports draw many people to the area yearly and can have
important water quality influences. Accelerated erosion and sewage can
be problems at ski resorts, and snowmobiling can contribute lead, hydro~
carbons, and CO to the environment in addition to accelerated erosion from
trails and destruction of vegetation and cover. Urban recreational uses
are not as important in this planning subarea as in more urbanized areas
in the Basin. However, there are quite a few golf courses, some of which
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The Lake Michigan basin is comprised of 86 coonties; 43 in Michigan, 27
in Wisconsin, 10 in Indiana, and 6 in Illinois.
The counties have a total
land area of 13,043,293 hectares (32,229,536 acres).
The northern portion of
the area (PSA's 2.1 and 2.4) is over 50 percent forested, with only relatively
small, but significant, agricultural areas.
In contrast, the southern portion
of the area is largely cropland, with minor contributions from forest and
pasture lands.
Agricultural Characteristics
The Lake Michigan basin ranks first in agricultural production accounting
for about 45 percent of the land in farms in the entire Great Lakes Basin.
Livestock production is important. Production levels are projected to remain
fairly stable. Planning Subarea 2.1 is a particularly important agricultural
area, ranking first in the Great Lakes Basin in the production of beef and
dairy products. Related to these levels of livestock production are high
levels of feed crop production. The basin produces substantial shares of other
crops as well. Over halfof the Basin's fruit output is grown in this lake
basin, primarily in Planning Subareas 2.3 and 2.4. Potato and commercial
vegetable production are also significant, and this basin's share is expected
to increase.
Table 101 indicates the relative proportions of materials usage in the












































































































































































































































































Pounds (lb) Kilograms (kg) 0.454
Tons (ton) Kilograms (kg) 907.2
Metric Tons 0,907
Materials Usage
An inventory and analysis of materials usage was made based on personal
interviews, correspondence and statistics as available from agricultural
statistics, cenSus information, state highway departments, universities,
private companies, and state and Federal agencies.
analysis is presented in a later section.
findings of this inventory and analysis.
Table 103.
Background for the
Table 102 summarizes the





Chemicals Commercial Limestone Salts
Applied _Livestock Fertilizer Purchased Applied on
to Crops Manure on Cropland or Applied all Highways
Area (100 lbs) (tons) (tons) (tons) (tons)
Lake Michigan basin 207,927 28,607,808 1,147,386 692,732 660,771
PSA 2.1 48,980 10,323,057 234,908 81,475 86,379
PSA 2.2 44,388 5,433,693 348,908 230,117 319,912
PSA 2.3 92,563 10,669,722 487,799 321,666 189,667
PSA 2.4 21,966 2,181,336 75,771 59,474 64,813
Eg_§onvert From Eg_ Multiply By
Pounds (1b) Kilograms (kg) 0.454


















































































































































that insecticide usage may not be greater and





expected to increase in the next five years but
to decrease progressively
after that.
One of the problems
concerning the use of chemicals, even if effective
in performing their
functional roles,
is that some residue will remain in the
soils.
In the case of herbicides, this is known as "carryover" and in the
case of insecticides as "persistence."
It is believed that the persistence
associated with insecticides will be almost entirely eliminated in the future,










of wet manure are produced annually.
Of this amount 80 percent is produced
from cattle, 9 percent from horses, 8 percent from swine, and the remaining
3 percent from other types of livestock. Nitrogen, phosphorous and potash
combined comprise 1.2 percent of the total manure defecated. Total.livestock
numbers, and hence manure production levels, are not likely to decrease.
Commercial Fertilizers
A total of 1,040,909 metric tons (1,147,386 tons) of commercial
fertilizers were applied to crops in the Lake Michigan basin in 1972. Primary
nutrients of nitrogen, phosphorus and potash comprise 503,188 metric tons
(554,783 tons) or 48 percent of the total tonnage. Nitrogen accounts for
33 percent, phosphorus 30 percent, and potash 37 percent of the primary nutrient
content by weight.
Commercial fertilizer use may continue at about present levels.
Farming will tend to be concentrated on fewer, but larger farms. Commercial
fertilizer use on these larger farms will increase, as will the percent
applied in liquid form. Overall, fertilizer rates will probably continue to























used in the Lake Michigan basin in 1972. Lime is important in terms of its






effects on water's acid—base relationships. The possibility of precipitating
phosphorous in the water and altering calcium content are also likely.
The usage of lime is not likely to increase in the future in
agricultural operations. This is partially predicated on the expectation that
the federal government will not increase its lime cost~sharing agreements with
farmers. Even if cost sharing agreement increase, it is not expected to
significantly affect usage rates.
Salts
Because of severe climatic conditions during winter months and the
resultant heavy snowfalls, road de-icing salts are required to keep major
roadways open. It is calculated that 599,440 metric tons (660,771 tons) of
salts were applied to highways in the Lake Michigan basin in the 1972—1973
winter. The primary impact upon ground and surface waters resulting from
road de—icing salts comes from chloride discharges which can, over time,
effect the salinity of nearby wells and open water areas. The 1972-1973
application would produce around 445,000 metric tons (490,000 tons) of chlorides.
Assuming that chlorides are conservative and that ion exchange between chlorides
and various soil types are minimal, most of the chlorides will eventuallyreach
ground and surface water areas.
Road de—icing salts will likely increase in use in approximate
prOportion to road mileage increases. The so called bare—pavement policy will
likely continue to be demanded by the public for major highways. This may be
offset by slightly lower or less frequent applications on less traveled highways.
336
 Table 103
GREAT LAKES BASE! MATERIAL USAGE INVENTORY
Agricultural Chemicals. Manures, Fertilizers, Lime and Highway De—Icing Compounds
 
PLANNING AREA: Lake Michigan 2.0 STATE: Michigan, Wisconsin, Indiana, Illinois
llorthwest. 2.1, Southwest 2.2 (Michigan 'I3, Wisconsin 27,
PLANNING SUBAREA: Southeast ‘2. licrtheasc 2.h00UNTY: 86 Count! Totals Indiana 10, Illinois 6)
ACREACES & FEHILIZER I-V CENSUS FARMS 1
l
(DUNTY, land area, acres( ) 32222536 Number I-V farms
Number of farms % 5 Acres 1n I—V farm
1Acres in farms 2 7 2 Cropland I-V farms
Cropland in farms 107 35 6 Harvested cropland
USED
F
Crop Group Amount Amount
or Acres Used Acres Acres Used
e







mm 2—mmnuz mu sum:
     
Hog & Pig Number Sows Farrouing
Inventory Dec. l—May 31 June l—Nov. 30
Year Dec. 1 Spring Fall Total



















1972 11.31.9656 I 150514 159263 304777
h‘et Hmu‘fe Factor: Tons per litter farrwed (fECtOI‘ by State 0112:!)







































ers Heifers . Steers ,
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lie: Henure Factor: Tons
Ker Hnnure Defecated: Tons Purchased
1
Yet Manure Defecated: Tons, 1972 Combined:



































































































































    
  
  
 PLANNING SUBAREA 2.1
A total of 23 counties, including 20 in Wisconsin and 3 in Michigan,
comprise Planning Subarea 2.1. The counties have a total land area of 3,989,800
hectares (9,858,656 acres). Farm land equals 1,772,500 hectares (4,379,800
acres), or 44 percent of the total land area. This subarea is particularly
important in agricultural production, particularly in livestock production.
Agricultural Characteristics
 
Corn, oats, and hay or grass silage are the predominant crOps in this
planning subarea. Potatoes are important in Waushara and Lake County, Wisconsin,
and 86 percent of the total orchard acreage in this planning subarea is in
Door County, Wisconsin.
Table 104 indicates the relative proportions of materials usage in the
planning subarea in comparison with the total Great Lakes Basin.
Table 104
MATERIALS USAGE BASIN RELATIONSHIP—~PSA_2.1 T0 GREAT LAKES
Per harvested acre of cropland
Planning Subarea 2.1 Great Lakes Basin
Lbs of chemicals applied
2.20
2.66
Index of chemicals used
83
100
Tons of livestock manure defecated
4w64
3.37




























































































































































































































Kewaunee 1,531 593,972 8,076 647 2,305







Marinette 1,110 296,463 6,226 2,090 4,370
Marquette 1,222 207,886 7,361 4,180 1,900
Menominee -- --- ~ ------- -- — --- --- — -—--- -----
0conto 2,385 600,923 14,401 2,076 4,564
Outagamie 3,778 982,197 25,014 4,753 3,272
Shawano 2,299 457,327 15,483 8,337 3,773
Sheboygan 3,101 727,760 10,863 2,580 6,316
‘Waupaca 2,539 723,786 15,841 8,556 3,070
Waushara 3,908 284,141 15,538 14,003 2,076
Winnebago 2,672 523,300 13,320 2,886 5,546
TOTAL 48,979 10,323,057 234,908 81,475 86,379
To Convert From 12 I Multiylz Bx










There were 2,221,656 kilograms (4,897,940 pounds) of agricultural
chemicals used in 1972. The major use was on crops of corn, hay or grass
silage, and grain, with smaller amounts applied to pastured cropland and
vegetables. Little is applied to fruit crops. Herbicides represented 53
percent of the total, insecticides 33 percent, and fungicides, 14 percent.
Herbicide use may increase about 20 percent in the next 10 years and fungicide
use about 10 percent. Insecticide use on grain and forage crops may increase
30-40 percent in the next 5 years, andthen decrease to levels around present P
usage in 10 years. 5
W
Planning Subarea 2.1 ranks first in the Great Lakes in the production
of beef and dairy products. There were 478,050 head of cows and heifers
calved and 510,050 head of other types of cattle. In 1972, cattle accounted
for 93 percent of the livestock manure produced and swine 5 percent. The
total livestock manure produced in PSA 2.1 was 9,365,077 metric tons
(10,323,057 tons). This represented 36 percent of the total manure produced
in the Lake Michigan basin. Ninety-three percent of the manure in PSA 2.1 was
produced by cattle, primarily dairy type.
Dairy cow numbers have declined about 20 percent and total cattle
numbers 10 percent in the last 8 years. This decline is expected to continue,
with manure production decreasing accordingly.
Commercial Fertilizers
 
There were 213,105 metric tons (234,908 tons) of commercial fertilizer
applied to croplands in PSA 2.1 in 1972. Primary nutrients represented
110,636 metric tons (121,955 tons) or 52 percent of the total. Nitrogen
comprised 26 percent, phosphorus 28 percent, and potash 46 percent of the
total amount of primary nutrients applied in the Lake Michigan basin.
Because crop production rates are expected to change only slightly
in the next 10years, usage of coummrcial fertilizers will remain at about
the same level or increase slightly.
The percent applied in liquid form
may increase slightly.
Lime
There were 73,913 metric tons
(81,475 tons) of lime purchased or
applied in PSA 2.1.
This accounts for 12 percent of the total limestone













Liming amounts and rates will remain relatively unchanged.
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GREAT LAKES BASIN MATERIAL USAGE INVENTORY

















Hog & Pig Number Sous Farrouing
Inventory Dec. l-May 31 June 1-Nov. 30
Year Dec. 1 Spring Fall - Total
1964 279103 HUI M262 Elﬁn
1°59 251616 3AA} S 33799 58233
1972 22h285 35160 36560 71729
We: Manure Factor; Tons per litter farrowed .2
Vet Henure Defeeated: Tons, 1972 518536












"at Manure Defecated: Tons, 1972 Combined:



















   
  
Michigan 3 Counties
[we Michigan 1 0 STATE: Wisconsin 20 Counties
Northwest 2.] COUNTY: Total 23 Counties
TABLE 5 FERTILIZER USED--CLASS I—V CENSUS 5
Amount COUNTY, land area, acres(i) 2858656 Number I—V farms
Number of farms 2689! Acres 1n I-V farms
       
  
Acres in farms BSZ§§OO Cropland I—V farms
Cropland in farms 2996320 Harvested cropland








   
 
Crop
TABLE 8—-GROUND LIMESTONE EQUIVALENT
   
 































































































































































































































































































































































































































































































































































































































Index of lime used 135 100
Per acre of total land area
Lbs road salts used 121.99 41.74
Index roadsalts used 292 100
To Convert From To Multiply By
Pounds (1b) Kilograms (kg) 0.454





































































































































































































































































































































































































































































































































There were about 173,341 head of cows andheifers calved, and
286,836 head of cattle in 1972. Cattle defecates 76 percent of the manure, horses
13, swine 8, chickens 2 and sheep 1 percent. Approximately 4,929,446 metric tons
(5,433,693 tons) of wet manure are produced from all livestock in PSA 2.2.
One reason that the manure index is relatively low for the subarea is
that cow numbers are less, and numbers of other kinds of livestock,
especially hogs and feeding cattle, are greater, in relation to the
other planning subareas.
Livestock numbers are expected to remain at about the same levels
over the next ten years. Manure production will correspond in level.
Commercial Fertilizers
Currently a total of 316,529 metric tons (348,908 tons) of
commercial fertilizers are applied to croplands in Planning Subarea 2.2.
This represents 30 percent of the total amount of commercial fertilizers
applied in the Lake Michigan basin. Primary nutrients account for
152,420 metric tons (168,048 tons), or 48 percent of the total amount
applied in PSA 2.2. Nitrogen represents 36 percent of the primary nutrients
applied, phosphorus 27 percent, and potash 37 percent.
Commercial fertilizer usage will continue to increase in this
subarea because of the high value of crop production per acre, justifying
even greater quantities than now used. The percent applied in liquid
form, already the highest of any subarea in the Great Lakes Basin, will
increase modestly in the next decade.
Lime
A total of 208,762 metric tons (230,117 tons) of lime was
purchased or applied to croplands in PSA 2.2 in 1972. This represents
33 percent of the total amount of limestone applied in the Lake Michigan
basin. Based on present usage rates, liming rates will remain relatively
unchanged. They may decrease slightly as forages assume less overall
significance in crop production areas.
Salts
At the present time about 290,224 metric tons (319,912 tons)
of road de-icing salts are applied to highways in PSA 2.2. This accounts
for 48 percent of all salts applied in the Lake Michigan basin. This is
due to the urban areas and the demand for a "dry—pavement" policy in those
areas. Road de-icing salts will increase about in proportion to road
mileage increases. There will be changes and improvements in usage;








































































     
Hog 5 P13





Tons per litter farrowed
f Fe
“9:4
Het Manure Defecated: Tons. 1972
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Lime: Limestone equivalent purch or app tons:
Table 8 230120










Salts: Applied on all highways, tons: Table 9 319912
 
(1) County, land area, acres
To Convert From To Hultiglx 31 includes water areas under
*— ... ' £ -1 .
Pounds (lb) Kilogramﬂcg) 0L3? ‘0 acres '1 b =9
Acres (acre) Hectare (ha) - 7
























































































































































































































































































































































































































































































































































































































































































































































































































































Ottawa 3236 475138 14827 6096 1340
St. Joseph 2467 341669 16942 25499 6572
Shiawassee 2944 344926 20274 4542 4980







To Convert From ' IQ Multiplz 32
Pounds (1b) Kilograms (kg) 0.454
Tons (ton) Kilograms (kg) 907.2
Metric Tons 0.907
Agricultural Chemicals
There were 4,198,500 kilograms (9,256,320 pounds) of agricultural
chemicals used in PSA 2.3. Herbicides represented 57 percent of the total,
insecticides 17 percent, and fungicides 26 percent. Herbicide use may increase
about 10—25 percent in the next 10 years and fungicide use about 5—10 percent.
Insecticide use may increase only slightly.
5 347
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We: Manure Factor: per litter
Vet Manure Defecated: Ions, 1972
Nutrients in Vet Manure: Nitrogen, tons
Phosphorus,
Potash, tons
Cows 8 He ers
Wet Manure Factor: Tons
13.11;
Vet Manure Defecated:
Vet Manure Defeuted: Tans, 1972 Combined:



















“act are (ha)Acres (acre)
Tons (ton)
K11 0grams (kg)




























































































TABLE 8——GROU'ND LIMESTONE EQUIVALENT
    
   














   
  















Tons Purchased Tons Per
Tons App
MATERIALS AND HIGHWAY DE-I
Hundredvei on land






o 17 Fe tze
Nut
em To a1 Nit
Ap lied on Cro land:
2,, 7 p 75312
Lime:
1087799 73002
Limestone equi ent pur or app led, tons:
Table 8 6
Salts: Applied on all highways, tons: Table 9
(1) County, land area, acres



























produced from livestock in PSA 2.3.
This represents 37 percent of the total
livestock manure in the Lake Michigan basin. There were 311,260 cows and
heifers calved and 500,751 head of cattle in 1972. This is one of the few
planning subareas where turkeys show even one percent of the livestock manure.
Nearly 90 percent of the turkeys raised in Michigan are in this planning
subarea. Nitrogen, phosphorus, and potash combined comprise 1.2 percent of the











in the next 10 years.












were applied to croplands in PSA 2.3, with primary nutrients representing
206,490 metric tons (227,609 tons), or 47 percent of the total. Nitrogen,
phosphorus, and potash are almost equal in tonnage. Corn and soybean acreage
in this planning subarea are expected to increase significantly while
other crop production is expected to decrease slightly. Fertilizer levels
,
l
therefore may increase slightly. j
Lime
In 1972, 291,750 metric tons (321,666 tons) of lime were purchased
or applied to croplands in PSA 2.3. This represents 46 percent of the total
amount of lime applied in the Lake Michigan Basin. Based on present usage
rates, liming rates will remain relatively unchanged. 'Government cost-sharing
programs, if operative, will not significantly affect the rates.
Salts
There were 172,065 metric tons (189,667 tons) of road de—icing salts 7
applied to all highways in PSA 2.3. This represents 29 percent of all road de—icing ,
salts applied in the Lake Michigan basin. The amounts of road de—icing salts 2
may increase in proportion to increases in road mileage. However, increasing f
salt costs will limit expanded usage. g
PLANNING SUBAREA 2.4
Planning Subarea 2.4 contains 21 counties, all in Michigan. Total land
area equals 3,288,500 hectares (8,125,696 acres). Lands in farms total 626,750
hectares (1,546,220 acres), or 19 percent of the total land area. The majority
of land in this planning subarea is in forests.
égricultural Characteristics
Agriculture is less important here than in some of the more southerly
planning subareas; however, there is production of importance in the subarea.
About one—half of the Great Lakes Basin fruit output is in PSA 2.4 and PSA 2.3.























































































































































































































































































































































































































































































































































































































































































































Wexford 291 70268 2287 2050 4992




































highest percentage of fungicides in the Lake Michigan basin. Herbicide
use may increase about 10—25 percent in the next 10 years, and fungicide
use about 5—10 percent. Insecticide use may increase 30—40 percent in the
next 5 years, but decrease to about present levels within 10 years.
   
  
Table 115































































   
  

















































































    
    
   
 
ﬂag 6 Pig
Inventory Dec. l—Hay 31 June l-Nov. 30
We: Manure Factor: Tons per litter farrowed
We: Manure Defecated: Tons, 1972
Nutrients in Get Manure: Nitrogen, tons
Phosphorus. tons
Potash, tons
TABLE 8--GROUND LIMESTONE EQUIVALENT
IED







      








Cows & Heifers Heifers, Steers,
1
We: Manure Factor: Tons
TO & HI
Wet Manure Defeated: Tons purchased
Tons Applied Per
"E"
"e: Manure Defecated: Tons, 1972 Combined:

















Salts: Applied on all highways, tons: Table 9
 



























Acres (acre) Hectare (ha) .NOhT '




There were 1,978,900 metric tons (2,181,336 tons) of wet manure
produced from livestock in PSA 2.4. This represented 8 percent of the
total manure produced in the Lake Michigan basin. There were 82,100 cows
and heifers calved and 111,500 head of other cattle in 1972. Cattle
defecates 82 percent of the manure and horses 13 percent. Production levels
of livestock are expected to remain fairly stable or decline slightly in
this subarea within the next 10 years. The manure production will continue
at about the present levels or slightly lower.
Commercial Fertilizers
 
Currently a total of 68,739 metric tons (75,771 tons) of commercial
fertilizers are applied to croplands in PSA 2.4 with primary nutrients
representing 49 percent of the total. Nitrogen, phosphorus and potash are
almost equal in tonnages. Over the next ten years the amount of total
cropland is expected to remain about the same. Fertilizers use will remain
relatively constant. The percent applied in liquid form may increase slightly.
Lime
A total of 53,955 metric tons (59,474 tons) of lime was purchased
or applied to croplands in PSA 2.4. Based on present usage rates, liming
rates are expected to remain relatively unchanged. Present usage in PSA 2.4
is already well above the Great Lakes Basin average. This is due to the
importance of grasses on livestock farms in the planning subarea. Government
cost—sharing programs, if operative, will not significantly affect the rates.
Salts
At the present time about 58,798 metric tons (64,813 tons) of
road de—icing salts are applied to all highways in PSA 2.4. Road de-icing
salt usage will increase about in proportion to road mileage increases.
There will be changes and improvements in methods; however, application rates
are not likely to increase.
MATERIALS USAGE METHODOLOGY
 
A county summary report has been prepared for all counties in the Lake
Michigan basin where census and other information is reported. The county
summary reports were then combined into their respective planning subareas
and then aggregated to the Lake Michigan basin.
Because variations existed between the counties, it was necessary to
develop some indices that would be common to all groupings. It was
decided to use "per acre of harvested crops" as the common basis of
comparison for all categories except salts. Acres of harvested crops are
the easiest agricultural figures to use. The items considered in this
study—~chemicals, fertilizers and lime used, and the livestock produced—-
are all intimately linked to the acres of crops harvested. Saltsused
for road de—icing-were compared to the acres of total land area to indicate




























RATES AND KINDS OF CHEMICALS USEDl-/
Percent Pound.
Acres Per b
Crop(s) me‘ Treated Acre Some of the major Chenich Used
Com 1! 90 2.75 Autumn, Alachlor, 2.5-0 Butylate,
EPA
I 20 1.50 Aldrin, Bax, Chlordane, Cerbofuron,
_ alienate
crux; E 60 .50. 2,4—D, MCPA, Dinoeeb
{vhutloegsﬂurleyﬁyel I 20 1.00 Curbs 1 Halathion
soybuns H 80 2.00 Triflurelin. Dinoseb, Fluorodifen.
Chloranhen, Linuron, Ahehlor,
Chlorhromuron
I 5 1 . 00 Carbanl ,ngathion
Field beans I! 95 2.50 EPIC. Trifluralin, Chloramben.
Fluorodifen
I 5 1.00 Carbugl. Halal-.l'ulntml Azinghosnethxl
Sugar Beets H 95 3.00 Pyrezon, TCA Pheunediphnn,
Delepbn. Endothel
I 1 1.00 0:25:21, l’aratl_*n._i’.ouI Endgaulfan
Bay or grass silos. H 30 1 00 EPIC, MCPA, 2, 4-03, Sinazine
25 1.00 Halathion, Methyoxychlor, Diezinon,
Carburyl, Azinphosnethyl, Ethyl
Parathion, Imidan
Pastured cropland H 25 1.00 2, 4-D
I 25 1.00 Carbaryl
Potatoes 3 90 3.00 Linuron, EPTC, Dinoseb
I 100 11.50 Photate, Diayston, Carberyl,
Halathion, Parethion, Azinphoemethyl
F 100 15.00 Difolatan, Bravo, Dinoseb, Mancozek,
Manet), Zinc, (activated polyethylene
thiram disulfigg)
Apples H 70 5.00 Simzine, Paraquat, Terbacil,
Dichlobenil. Liv-D
I 80 11.75 Guthion, Inidan, Zolone, Sevin,
Phomhmdm, Plictran, Quite,
Kelthane, Gardona
F 80 32.00 Beulate, Cyprex, Captan, Difolaun,
Polyram, Dikar, Haneb
Sweet cherries H 75 4.00 Simazine, Paraquat, Dichlo’oenil
I 81 5.00 Guthion, Sevin, Iuidan, Parathion
F 81 5.00 Difolatau, Captan, Dodine, Benouyl,
Sulfur, Dichlone
Peaches E 60 4.00 Simezine, Paraquat, Terbacil,
Dichlobenil V
I 74 6.00 Guthion, Sevin, Pentathlon, Thioden.
Imidan
P 75 6.00 Benogyl, Sulfur, Dichmi
Peers H 40 5.00 Simzine, Paraquat, Dichlobenil,
Diuron
I 96 8.00 Guthiou, Thiodan, Parathion.
Imiden, Sevin, Perthane
P 94 1.00 Fen-ban, Streptomycin, Bordeeux
(copper)
Prunes andplus B 40 3.00 Simzine, Paraquat, Dichlobenil
I 86 5.00 Guthion, Iuidan, Parethion
F 86 5.00 Benogyl, DichloneL Sulfur
Strawberries '8 100 10.00 Diphenamid, DCPA, Chloroxuron
I 90 12.50 Captan, Thiodan
1’ 100 10.00 Captan, Benlate
Blueberries H 85 5.00 Simzine. Diuron, Dichlobenil,
Paraquat
I 85 3.25 Guthion, Malathion
Y 100 41.00 Calcium Cyanamid, DNOSBP
Grapes H 80 4.00 Sinazine, Paraquat, Diuron,
Dichlobenil
I 90. 51.00 Folpet, Ferbam, Guthion, Captan,
Parathion







I 80 13.50 Parathion, Sevin. Lannnte, Gardens,
m. Dieldrin, Dylox
P 100 .10 Thiram or Captan
354
 






















































































































































































































Peaches I! 60 10.00 Simszine, Parsqust. Terbacil,
j
Dichlobenil .
I 76 6.00 Guthion, Sevin, Parathion, Thiodan,
Imidan
F 7’. 6.00 Benomyl, Sulfur, Dichlone
Peers 11 40 5.00 Simazine, Paraquat, Dichlobenil,
Diuron
I 94 8.00 Guthion, Thiodan. Parathion,
Imidan, Sevin, Perthene
P 910 1.00 Ferbau, Streptomycin, Bordeaux
(pepper)
Prunes and plums H 40 3.00 Simazine, Paraquat, Dichlobenil
, I 84 5.00 Guthion, Imidan, Parathion
F 84 5.00 Benomyl, Dichlone, Sulfur
{ Strawberries H 100 10.00 Diphenamid, DCPA. Chloroxuron
‘ I 90 12.50 Captan, Thiodan
; v F 100 10.00 Captan, Benlate
i Blueberries H 85 5.00 Simazine, Diuron, Dichlobenil,
E
Psraquat
I 85 3.25 Guthion, Malachion :
F 100 41.00 Calcium C1anamid, DNOSBP .
Grapes H 80 4.00 Simszine, Paraquat, Diuron, i
Dichlobenil




H 771?” _,7 _1_00
17.50 _ Ferbam, Phaltan
1
Sweet corn 1! 100 2.00 Atrazine, Alachlor, Butylste,
Cyanazine, 2, 4-D
I 80 13.50 Perethion, Sevin. Lennate, Gardens.
KPH, Dieldrin, Dylox
1' 100 .10 Thirem or Canton
‘3 - Herbicides I - Insecticides r - Fungicides
blhny chemical scientists believe that "carry over" in the use of herbicides and
"persistence" in the use of insecticides may be largely eliminated in the next
¢ five years. This means that some chemicals now in common use will practically
‘-
disappear and
the new ones having low,
if any. reSidueS “ill be emerging'
kilograms (kg) - pounds (lb) x
0.454
kilograms (kg) 3 tons (ton) x 907‘:























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































and the information provided by the states for each county, the total tons
applied on all highways in the counties for 1972-73 was established. This
figure is shown in each county reportalong with the state purchased figure
for each county.
It was possible to obtain county information for Michigan for 3 years,
1970—71, 1971—72, 1972—73. It was possible to obtain the "Tons of Salts
Applied Per 'E' miles of Highway" for each of these 3 years. An 'E' mile





































































































































Doneth, John (sponsored by USDA—Soil Conservation Service),
Materials Usages, September, 1975
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Depending on the OBERS Series utilized, the Lake Michigan basin will
experience between a 40 percent and a 90 percent population growth rate
by 2020.
Growth rates will vary by location as well, with the more southerly
planning subareas
(PSA 2.2 and 2.3) growing at a faster pace.
In either projection series, changes in specialized land uses and
materials usages are not directly dependent upon economic and demographic
trends.
Specialized land use trends depend, in addition, upon available
technologies, land characteristics, and specific economic factors which
many times are not directly related to the larger regional economy.
The
economic aspects of current agricultural practices will determine to a great
extent







    
In comparison to the Great Lakes Basin as a whole, the Lake Michigan
basin, due to its geographical location and urbanized concentrations will
experience more intensive development overthe next several decades than is
expected for other portions of the Great Lakes Basin. This will be
particularly true for the two more southerly planning subareas. Therefore,
the water quality impacts arising from changing economic and demographic
activities, land use, specialized land use practices, and materials usage
levels could have moderate to severe local impacts in the near future.
Table 118
POPULATION GROWTH(1)(2)
.1172 £82 2.992 2_022
Lake Michigan basin
Series C 13,551,843 15,592,600 20,145,900 25,762,200
Series E 13,551,843 14,709,300 16,862,500 18,630,000
DEMOGRAPHIC, ECONOMIC AND LAND USE CHARACTERISTICS
The categories contained in this section include the projected resident
population levels, major economic activity sectors (agriculture, mining,
construction, manufacturing, transportation and public utilities, trade,
finance, services, and government) and major land use activities (urban
lands, croplands, pasture, forests, and other lands). The aim is to provide
a general picture of what the future may be for these three categories.
While not exhaustive in detail, these major categories are seen as forming
the general background in which the later discussions of materials usages
and specialized land usages take place.
Population
The Lake Michigan basin has the largest population of any of the lake
basins, and has grown steadily since 1950.
All of the planning subareas
have grown by more than 20 percent in this time period.
Growth has occurred
more rapidly in the two more southerly planning subareas (PSA 2.2 and 2.3).
There are distinct contrasts in population distribution, with
the southern
half highly urbanized,
and the northern half less populated and more devoted






































































































































































































































































































































































































































































































































POPULATION, EMPLOYMENT, PERSONAL INCOME, AND EARNINGS BY INDUSTRY: 1970( )
Great Lakes Lake Michigan
Basin Basin PSA 2.1 PSA 2.2 PSA 2.3 PSA 2.4
Population, midyear 29,409,179 13,551,843 1,008,530 9,515,559 2,529,869 497,885
Per capita income (1967 dollars) 3,777 3,890 2,968 4,185 3,364 2,808
Per capita income Rel. (U.S.-1.00) 1.09 1.12 .85 1.20 .97 .81
Total employment 11,493,713 5,446,825 375,468 3,918,980 980,478 171,899
Employment/population ratio .39 .40 .37 .41 .39 .35
Total personal income 111,069,256 52,720,518 2,993,811 39,819,026 8,509,853 1,397,828
Total earnings 99,596,531 Z92,365,456 2,353,381 32,755,005 6,729,436 1,027,634



















Mining 139,401 71,141 8,197a 54,978a 6,474b 1,492c
Metal -- - - -- —— -—
Coal - - -— —- -- -a
Crude petroleum & natural gas . —- -- - -- -— -—
Nonmetallic, except fuels ~- -- -— -— -- -
Contract construction 5,392,933 2,671,845 140,581a 2,103,648 365,080 62,536
Manufacturing 35,467,905 15,741,440 924,932a 11,565,836 2,875,912 374,7608
Food 8 kindred products -- —- —- _- __ -_
Textile mill products - -- —. -- __ --
Apparel & other fabric products —- -- -- -_ -- _-
Lumber products & furniture -- -- —— __ _- _.
Paper and allied products -- -— -- -- -- -—
Printing and publishing -- - -_ _- -_ --
Chemicals and allied products -~ - -- _- -- -—
Petroleum refining -- —— -- -- __ --
Primary metals -- —- _- .. -- --
Fabricated metals 6 ordinance -- -— -- -- _- -_
Machinery, excluding electrical - -- —— -- -- --
Electrical machinery & supplies -- - -- -- -_ --
Motor vehicles 8 equipment -- -~ __ __ __ .-
Transportation equip., excl. mtr.
vehs. -- -- —- -- __ -—
Other manufacturing -- -— -_ __ -_ _-







Wholesale and retail trade 14,785,401 7,404,823 374,631 5,863,370 1,008,860 157,962















Federal SWEWM 1.924.828 968.460 33,925 813,273 104,683 16.579
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
Alternative Futures
Any specific set of economic, demographic, and land use projections is
subject to conSiderable conjecture. Therefore, at least two sets of alternative
futures are considered. The projections in this report are based on the 1972
revised OBERS Series C and Series E national economic and demographic projections.
Population, personal income, and the amount of cropland harvested differences
between the two series are caused primarily by different population growth
rate assumption. However, the following additional changes also contribute to
differences in the two projections.
(l) The hours worked per year are projected to decline at the rate of
0.35 percent per year in the Series E data, while Series C assumed a 0.25
percent rate of decline.
(2) The projected rate of increase in product per man per hour in
the private economy is lowered from 3.0 percent in the Series C projections
to 2.9 percent in the Series E projections.
(3) Earning per worker in the individual industries at the national
level are projected to converge towards the all—industry rate more slowly
in the Series E projections than in the Series C projections.
(4) Income data for 1970 and 1971 and total employment data for 1970
were included in the Series E projections. This additional information
was not available for the Series C information, and has caused some changes
in certain area projections.
g (5) On the basis of the President's 1974 budget message to Congress,
a smaller military establishment has been assumedin Series E.
The differences in population growth between the Series C projections
and Series E projections lies mainly in the total fertility rates per 1,000
women assumed to be attained by the year 2005. For Series C the fertility
rates per 1,000 women is assumed to be 2,800 by the year 2005 and for the
Series E projections the assumed fertility rates per 1,000 women are 2,100
for the year 2005. The Series E projections move more quickly towards a
near zero population growth level. Due to the present character of the
age structure of the population, a near zero growth is not reached until
the middle of the let Century. While neither projection trend is an
accurate picture of the eventual growth rate in the Lake Michigan region
by the year 2020, the probable growth rate will likely fall somewhere
in between these ranges.
pemggraphic Trends
Population projections range from a low of 14,709,300 persons to
15,592,600 persons by 1980 based on the Series E and Series C projections
respectively.
Series C projects increased growth throughout the basin for
all three periods.
By 2000, the population level would grow 1.5 times, and
by 2020 1.9 times the population level in 1970.
Series E projects popula-
tion increasing, by 1.25 times for 2000 and 1.37 times by 2020, based upon
1970 levels.
Overall, the two projections forecast either a gradually
increasing population as contained in the Series E projections, or a rapidly
increasing population growth rate, almost doubling by 2020, as contained in



































































































































































































Planning Subarea 2.2 is the only subarea in
which this downward trend is noted, with all other subareas moving up slightly






































































In all planning subareas the acceleration of the employment
to population level is greater in Series E projections than in the Series C
projections.
Total earnings in the Series E projectibns are almost one-half
those projections in the Series C data. With respect to earnings by sector,
the agricultural sector accounts for less than one-half of one percent of
total earnings in both projections by the year 2020. Planning Subarea 2.1
has the highest percentage of earnings from agriculture forecasted-—about
two percent in both Series C and Series E.
Earnings in mining account for less than one percent of total
earnings throughout the time period in both projections. Manufacturing



























































































































































































































































































































































































































































































































it also foresees an almost equal increase in Planning Subarea 2.2.
Compared to the 1970 information of earnings by industry,
the proportion
of earnings from different sectors of the economy remains relatively stable
(less than 5 percent increase or decrease with the exception of manufacturing
and services.
Manufacturing is projected to decrease from the current Lake
Michigan average of 37 percent of total earnings to around 28 to 30 percent
of total earnings by the year 2020.
Services will grow from14 percent of
the total earnings to 19 to 23 percent of total earnings by 2020.
373
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CROP PRODUCTION PROJECTIONS 1980, 2000
(1,000 units)





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Llprovablc puturo‘ Ton 632 665 671 233 290 36‘
I. 1am. pawn. Ton
mum. hay «raw-1n:- (tau)
yam-m: ant-n1 Ivar.“ 1958-1972
InhmuLBn h, Iiﬂﬂuk
an (h) u_ (1;) 907.2




   
Livestock Trends
Table 131 and 132 present the livestock production for 8 live—
stock products from OBERS Series C and E data, In Series C, all livestock
production is projected to increase throughout the time period 1980—2020.
Series E projects increases for beef and veal, pork, turkeys, and milk
only, with other livestock projected to decline throughout the time period.
With Series C each planning subarea's share of the Lake Michigan
total projected output remains constant. In Series E projected shares vary
between .1980 and 2020 with the most significant variance being boilers
declining in PSA 2.3 from 44 percent of the Lake Michigan total in 1980
to only 1 percent of the total by 2020, and increasing in PSA 2.1 from
36 percent to 70 percent of the Lake Michigan total.
PSA 2.3 will produce the bulk of the livestock in both projections.
Planning Subarea 2.4 generally produces less than 10 percent of the total
in both projections. Beef and veal production will be fairly well spread
with slightly over one third of the production in each of PSAs 2.1 and
2.3, and another 20 to 24 percent in PSA 2.3. Planning Subarea 2.3 is the
predominate produCer of pork, with around 46 percent of the total.
PSA 2.2 will have 25 to 34 percent, and PSA 2.1 another 21 to 27 percent
of the livestock total. Lamb and mutton will also be concentrated in PSA
2.3, with from 56 to 83 percent of the total. The concentration is greater
in Series C, where the other planning subareas have less than 10 percent
of the total each. Series E projects that PSA 2.1 will have 11 to 14 per—
cent of the total lamb and mutton, and PSA 2.2 another 17 to 21 percent.
Fifty three percent to 70 percent of the chickens are found in
PSA 2.3 in all time periods. Another 20 to 24 percent are in PSA 2.2.
In Series C, almost 80 percent of the boiler production is in PSA 2.3 in
both time periods. Series E however, projects the share in PSA 2.3 will
decline from 44 percent in 1980 to only 1 percent in 2020. PSA 2.1 will
vary between 16 percent in Series C and 70 percent in Series E of the
total boiler production by 2020. Planning Subarea will have between 4
percent and 29 percent of all the boilers by 2020. Turkeys are concentrated
in Planning Subarea 2.3 with from 77 to 86 percent of the total. No
other planning subarea has more than ten percent of the total in any time
period.
Planning Subarea 2.3 contains from 59 to 74 percent of the
egg production in the Lake Michigan basin. Planning Subarea 2.2 will have
most of the remainder or from 12 to 18 percent of the total. Planning
Subarea 2.4 is the primary dairying area in the Lake Michigan basin, with
from 55 to 62 percent of the total milk production. Planning Subarea 2.2





































































































































































































































































































































































































































































































































































































increase and will take over current crop and pastureland.
Forest land
and "other" land will not change greatly in either projection.
The major difference between the two projections occurs with urban
land.
Series C projects an 80 percent increase in urban land, while Series
E foresees only a 33 percent increase. Planning Subareas 2.3 and 2.4 are
effected the most in this difference.
Another land use that can be of importance in determining water
quality relationships is land used for extractive minerals.
Land needs
for this purpose are expected to increase over two and one—half times by
2020. The primary growth will be for iron ore in PSA 2.1, and sand and






















































































































































































































LAND USE PROJECTIONS - 1980, 2000, 2020








































































































































































































































































































 SPECIALIZED LAND USES
 






sewered areas, and recreational lands are unique in their specific land
drainage aspects which affect water quality.
The emphasis in this section
is to indicate what
relativemagnitude of change will be likely to occur
in these land—use operations over the next twenty years. Because of the
multiplicity of factors affecting their futures, estimates beyond twenty
years entail great uncertainties,
Projections have been based in part on the
opinions of experts in the field as to their expectations of the future
near term trends concerning these various land uses.
Disposal Operations
The following four disposal operations~—liquid waste, solid waste, dredge
spoil and artifical fill, and deepwell disposal operations-~form the major
methods for allocating man's nonproduct outputs to the environment. Overall,
the amount of wastes to be disposed of will increase in the future in
response to population and economic changes. As will be seen, this relationship
will vary according to the type of disposal procedure.
Liquid Waste Disposal
 
There are a variety of factors which will affect the future trend
in utilizing land for the disposal of liquid effluents, both from municipal
and industrial concerns. The major limitation in expanding the amount of
liquid waste disposal operations is the amount of land required for this
practice. If population growth expands considerably in the Lake Michigan
basin resulting in increased demand for land, liquid waste disposal practices
will tend to conflict with other economic uses of land. Consequently, liquid
waste disposal operations may tend to become less acceptable practices in
the future.
One particularly attractive aspect of liquid waste disposal operations
is the ability to remove pollutants at a rate of efficiency not usually
available without incurring exceptional costs with alternative disposal
systems. In this sense, land treatment systems are generally competitive on
a cost effectiveness basis to alternative disposal methods, assuming that land



























































































































































































































































































































































































































































LIQUID WASTE DISPOSAL: (7)


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
zones to prevent beach and shoreline erosion from occuring in residential and
recreational areas, This is a particular problem in this lake basin due to
the large areas of severely eroded shoreline.
Table 138






Total Spoil Total Spoil Total Spoil
Lake Michigan
basin 1481 897 1492 867 1492 867
PSA 2.1 329 257 372 296 372 296
PSA 2.2 550 501 480 439 488 439
PSA 2.3 375 129 350 119 350 119
PSA 2.4 227 10 282 13 282 13
Deepwell Disposal
The only portion of this lake basin that may have an increase in
numbers of deepwell
disposaloperations is the industrial area at the
southern end of the lake and into the Michigan portion of the basin.
In light
of the general subsurface conditions and
the reluctance of state agencies to
encourage their use,
such disposal operations are unlikely to occur in the
future in Wisconsin.
The use of this means of disposal is not likely to increase greatly
in the Illinois portion of the basin.
The general trend is to prohibit their
further use because of the availability of fresh water or only slightly saline
waters throughout a great depth that may be needed in this urbanized area.
Because of the industrial complex spread along Lake Michigan in Indiana,
the
abundance of liquid wastes,











































could result due to the discharge of effluent from plugged and abandoned

























































































































































































































































reduce the amounts of sediments and other materials
entering surface ground
waters.










erosion rates will decrease significantly, except as land use and land use
management programs may alter land use practices with the intent of pre—
venting further erosion of streambanks.
If such management measures are
effectuated, then one can expect some decrease in streambank erosion.
Other-







Critical Severe Critical Severe Critical Severe
Lakeshore Riverbank Lakeshore Riverbank Lakeshore Riverbank
 
Lake Michigan
basin 130.1 799 143.2 799 156.1 799
PSA 2,1 — 161 ~ 161 — 161
PSA 2.2 49.5 23 54.5 23 59.4 23
PSA 2.3 38.6 252 42.5 252 46.3 252


























































































































Consequently, waste production from these feedlots will tend to be
concentrated in particular areas. Waste disposal systems will need to be



































in these types of livestock show increasing numbers of intensive livestock
operations. The increase should correspond to the increase in livestock
numbers.
  
Table 140 (2 3 5)
PROJECTED NUMBER OF LIVESTOCK HELD IN INTENSIVE LIVESTOCK OPERATIONS ’ ’
(1,000'3)
Poultry cun- him
132 AL... .__1!_’_°.____. LL70 _____l__.__.w 199° 197! 13° 1”"
Series Series Series: Series Series Series m -_ W-m EVER;
_.C__ __E_ _C_._ J“ _C__ _3_. 0 E C 3 C E
Lake Michigan #- _ .w-d W —_ ——_~_
AL— 5281 S764 6862 6730 1:827 667 69‘ 657 an 650 592 681 606 009 681:
PSA 2.1 2‘7 186 187 221 173 181 201 190 238 198 78 86 68 101 73
PSA 2.2 11“ 868 M2 1031 778 178 159 161 177 159 1’05 1‘7 138 175 157
PM 2.3 3500 £123 3‘“ £895 351! 265 296 2“ 352 252 J” ‘39 390 52) ‘“
PSA 2.‘ 306 ‘97 369 $91 357 ‘3 ‘8 b2 57 ‘1 10 9 . 10 10 10
 
High—Density, Nonsewered Areas
The heavily populated southwestern sector of the Lake Michigan basin has
the lowest percentage of nonsewered housing. With increasing population
growth and urbanization in other planning subareas, more homes will be
connected with public sewer systems. In the urban areas throughout the Basin
the percentage of nonsewered housing may decline slightly over time.‘ In the
rural areas, the percentage of nonsewered housing will probably continue at
current rates.
With improved on—site sewage disposal technologies and an enhanced
ability for on~site systems to dispose of household effluent in an environment~
ally sound manner, the utilization of on-site disposal could increase.
Such technology, however, is not foreseen to significantly affect the number
of nonsewered housing in the near future. Likewise, the expansion of sewage
treatment plant facilities currently is limited by the costs involved with























































































































































Recreational activity demands in the Lake Michigan basin are likely to
grow almost three—quarters by 2000. Population pressure from the urbanized
areas at the southern end of the lake and high quality recreational resources
in the northern portion are the sources of this increased usage. In con-
junction with an expanded use of the Lake Michigan basin will come an
intensification of existing facilities usage, increasing the pressure upon
these facilities to adequately handle the waste generated from tourists.
Land developed for recreational use is expected to grow by only about 11
percent over the next 20 years.
With the expansion of recreational activities, there will bean increase
in the amount of wastes to be disposed of, both liquids and solids. In
addition, the construction of recreational second homes in rural areas, will
lead to an increase in numbers of nonsewered housing in these areas. Since
recreational pursuits are seasonal, the major impacts from recreational
activities will occur in the summer months. However, increasing enjoyment
of winter activities such as skiing and snowmobiling has meant an increase




































































































   














Parking (General) 1,220 1.250 1.250 120 130 130 700 720 720 3‘0 350 3150 60 60 60
Parking (Boat;
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692903 110:9‘3 157.755 11.035 13,502 19.205 29.230 61.260 30.070 23.059 23.052 11.51: 5,079 7.237 10.396
Attending Outdoor 0....













TOTAL ACTIVITY OCCASIOﬂS 205,795 311,530 432.329 30.535 35.230 32.377 135.01: 171.953 237.059 63.300 80.966 113.930 16.138 20.115 23,453
10111 RECREATION DAYS






765.596 1.007.677 1.520.313 95.677 127,729 190,710 £23,752 977.310 871.762 178.630 161.703 303.121 03..” 60.915 90.722
"nu-outrun mxvm OCCASIOIVS 200.709 110.130 625.036 26.961 37.330 52.102 111.161 156.590 232.010 51.36! 72.760 112.066 13.130 10.370
27.99!
mm. lawman nus
190.237 7.03.070 000.120 30.170 51.091 77.886 170.301 230.932 345.703 71.152 90.0.1 11.5.2“ 16.216 25,300 30,209
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remain relatively stable and that there will be no major shifts in
agricultural production practices within the next ten to fifteen years,
either in terms of technology or in terms of crop types.
Agricultural chemicals, animal wastes, commercial fertilizers, lime,
and salts will continue to be employed at about current usage rates, al-
though specific materials will likely experience greater utilization than
others over the next ten to fifteen years.
Agricultural Chemicals
  
Several trends indicate an increased usage of agricultural chemicals





















































therefore continue to be used at current or higher rates in the Lake
Michigan basin in the near future.
However, there are certain aspects which maytend to decrease the rate










































































































































































































in recent years, and may form a significant category of chemicals used on
crops in the future. However, at the present time there is little



























































































































it is likely that a shift will take place towards less noxious forms
of chemicals occurring mainly as a result of less residue by—products
production in their usage.
In addition, herbicide usage can reduce erosion
and attendant pollution problems by reducing the need for continual
mechanical cultivation of crops and its disturbance of soils.
This could
be particularly important in this lake basin with the large amounts of
croplands subject to erosion.
Animal Wastes
Manure production levels will continue above the Great Lakes Basin
average. Dairying will increase moderately as will beef cattle and swine.
Horse numbers are also expected to increase, although at a lower rate than
the past few years. The amount of manure produced will correspond with these
levels. Trends toward more intensive livestock operations will increasethe
impact of manures in specific localities. Assuming proper construction
and maintenance techniques, the discharge of animal wastes should not
adversely affect water quality. Without preventive measures, it is quite
possible that certain reaches of ground and surface waters can be con—
taminated via animal wastes. Specifically, large amount of nitrogen and
phosphorus compounds can be leached into the soils from intensive livestock
operations due to the corresponding increase in the concentration of wastes.
Commercial Fertilizers
 
Commercial fertilizer usage rates are expected to increase moderately
in this lake basin. The greatest increase will be in nitrogen with lesser
increases in potash, and phosphorous tonnage rates staying about the same or
decreasing slightly. There is likely to be a shift towards liquid fertilizer
due to their ease of application. Trends in agricultural crop production
indicate a move towards more intensive cultivation, and it is likely that
commercial fertilizer usage will increase in such areas. Higher concentrations
of fertilizers in particular areas may increase drainage of nutrients to
ground and surface water.
Lime
Despite projections by the Lime Institute for increased needs for liming
materials, lime rates will probably remain at current levels. Therefore
water quality impacts resulting fromliming will tend to remain unchanged,
except in instances where agricultural crop production has intensified. In
these instances, increased intensity of lime use results this may affect
ground and surface waters beyond current conditions.
401
IiIIllllliiiiiiiit:_____________________________________________ii
    
Salts
Several trends in the Lake Michigan basin will be likely to require
a moderate increase in the use of salts to prevent road icing in winter
months. Bare pavement policies will be demanded by the public for major
roadways. Growth in road mileages will increase the amounts of salts needed
to prevent icing during winter months.
Table 144
TRENDS IN MATERIALS USAGES:AGRICULTURE
(1,000's)
Inert-l- ngg m: Nicki lg 3.1 m 2.2 ISA 1.3 PSA 2.‘
uni—ﬁlm L92 1!! mg 19.7; LLML’QQML’Q m
Agricultural
Che-lul-
Netbicides (11:) 12068 13152 16082 2586 2867 3103 3625 3603 3702 5206 S877 6377 750 825 goo
Insecticides (lb) 547‘ 5476 5200 1636 1636 155‘ 790 790 750 2362 2362 22“ 687 687 653
Fungicides (1b) 3171 3435 3598 676 710 766 22‘ 235 2’6 1608 1688 1769 763 811 839
Ani-al Haste (tons) 28607 30007 31562 10323 11315 12374 5‘36 5175 5381 10670 11266 11690 2181 2253 2317
Co-ercial Ferti- ‘
liners (ions) 1157 1262 1378 235 258 282 349 38k ‘91 488 537 585 76 83 92
Line (Lona) 693 693 693 81 81 81 230 230 230 322 322 322 59 59 59
Totals my not add due to rounding
To Convert Fm- T_o Multiply I!
load. (1b) lilo."- (lg) 0.54
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































households will change greatly in the near future.


















with individual disposal systems, will aid in keeping
rural nonsewered areas at about the same percentage of the total as at present.
The projections were calculated assuming a fixed ratio between
population and household units from 1970 to 1990 based on current ratios.
Breakdowns into sewered and nonsewered households were extrapolated from
current percentage breakdowns for both total and urban categories.
The
totals for each subarea were then aggregated to the Lake Michigan basin.
Recreational Lands
Two factors were used to guide assumptions of recreational trends.
It was assumed that recreational demands would increase not only with
population changes but also with growth in disposable income.
Because
the northern Lake Michigan basin forms a major recreational region in the
Great Lakes Basin and the southern portion contains a large urban population.
The recreational demands in this region are assumed to increase beyond
general rises in disposable income levels in the Lake Michigan basin alone.





Major alterations in agricultural practices and materials usage rates
are not anticipated in the near future based upon opinions of knowledgable
persons in the field.
The amounts of materials used in agricultural
operations, such as agricultural chemicals, commercial fertilizers, lime,
and animal waste will vary, then, with the increase or decrease in
agricultural production.
The seriousness of materials usage in relationship
to water quality problems in Lake Michigan will be affected by changing




The major variable affecting agricultural chemical usage rates
is crop production rates.
In both the OBERS Series C and E' projections,
cropland acres in the Lake Michigan basin are expected to decrease through-
out 1980, 2000 and 2020. On the other hand, both the Series C and E'
projections forecast agricultural crop production to increase, and therefore
move towards more intensive crop production practices.
Because agricultural chemical usage varies from year to year in
response to seasonal agricultural characteristics, strict linear trend
extrapolation is not advisable. Based on opinions of experts working in
agricultural research, it was projected that herbicides would increase
10 percent from the 1972 base by 1980, and an additional 10 percent by




insecticides were projected to remain relatively constant between.l972 and
1980, but declining by 5 percent by 1990 in response to decreases in
certain insect species predicted between 1980 and 1990. Fungicides are
projected to grow by 5 percent in 1980 and an additional 5 percent by 1990,
in response to increased production of fruits requiring fungicide applications.
Animal Wastes
Livestock production in the Lake Michigan basin is projected to
grow at the rate of 5 percent by 1980, and another 5 percent by 1990.
Total animal waste was calculated for 1970 in each planning subarea, extra-
polated out to 1980 and 1990 and aggregated to the Lake Michigan basin total.
Commercial Fertilizers
 
Production of row crops is projected to increase 30 percent by
1980, and another 20 percent by 1990. Fertilizer increases will increase
moderately to correspond to the more intensive cultivation associated with
this increase in production. Overall usage should increase about 10 percent
by 1980 for a 1972 base, and another 10 percent by 1990. The 1972 base for
the planning subareas was taken and extrapolated to 1980 and 1990. The
planning subareas were then aggregated to the Lake Michigan total.
It is quite likely that the portion of commercial fertilizers
sold as liquid will increase as a percentage of total commercial fertilizers
sold.
Lime
Based on the opinion of those who have studied liming materials,




In projecting the amounts of salts to be utilized in the future,
it was assumed that the amount of salts required is dependent upon the
mileage of roadways in the Lake Michigan basin area, which in turn is
dependent upon regional population levels. Based on 1972-73 information
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































     
